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October 15, 1997

Lewis Maldonado, Esq.
ORC-3
U.S. Environmental Protection Agency
75 Hawthorne Street
San Francisco, CA 94105

VIA FEDERAL EXPRESS

BPOU Perchlorate PRPs

Dear Lewis :

Enclosed are several National Archive documents that relate
to the disposal practices of perchlorate at Day & Night
Manufacturing Company at its Azusa facility during the Second
World War. These include:

1. Ordnance Safety Manual No. 7224, dated December l, 1941,
involving regulations governing the manufacture, storage,
loading, and handling of military explosives and ammunition at
establishments of the Ordnance Department, U.S. Army.

1942.
2. War Department Technical Manual No. 9-1900 dated July 3,

3. War Department Technical Manual No. 9-1900 dated June
18, 1945.

4. War Department Technical Manual No. 9-1904, dated March
2, 1944, entitled Ammunition Inspection Guide.
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The Ordnance Department of the U.S. Army maintained tight
control over the safe operations of all ordnance establishments.
Paragraph 6 of the Ordnance Safety Manual proscribes:

"The Chief of Ordnance exercises general supervision over
the safety of ordnance establishments. He prescribes
general and certain special safety regulations to be applied
in manufacturing, loading, storing, handling, shipping, and
maintaining explosives and ammunition."

Paragraph 6b, provides:

"The commanding officer of an ordnance establishment is
solely responsible to the Chief of Ordnance for the safety
of his establishment. He will enforce the mandatory
provisions of this manual and will be guided by the advisory
provisions."

Paragraph 6c, provides:

"At each establishment, a safety officer will be appointed
by the commanding officer. The safety officer should be the
supervisor of safety at the establishment, and is
responsible to the commanding officer for the enforcement of
all safety regulations and standards, but has no authority
to waive or alter any of the provisions of this manual."

The manual contains provisions on the manner in which various
explosives are to be destroyed. With respect to pyrotechnics, it
states in paragraph 661:

"Pyrotechnics, except parachute flares and photoflash bombs,
will be destroyed by burning in a pit in a manner similar to
that proscribed for primers. Parachute flares will be
destroyed by burning on the ground in the open. Individual
flares should be separated by a distance of at least 4 feet
and placed on top of a layer of combustible material. After
lighting the train of combustible material, personnel should
take cover or withdraw to a safe distance. Photoflash bombs
will be destroyed as prescribed in paragraph 66e for
artillery shell."

Paragraph 66e states that if no artillery range is available,
then:

"The projectile to be destroyed is placed on its side in the
pit and the required number of demolition blocks as
prescribed in the following table will be placed in intimate

[403009.5]



Munger, Tolles & Olson LLP

Lewis Maldonado, Esq.
October 15, 1997
Page 3

contact with the side of the projectile and held in position
by earth packed around the projectile."

It is then detonated.

The safety manual also proscribes the method for handling
the various materials that go into specific ordnance. In
Paragraph 153, the safety manual states:

"Photoflash bombs are loaded with flashlight powder, which
is similar to black powder as to hazards in handling and
storage."

Detailed instructions are given on the handling of black powder.
Paragraph 74g provides:

"If black powder is spilled on benches or floors all work
will be stopped until the powder has been removed and the
explosive hazard of any remaining dust or fine particles has
been neutralized with water." Emphasis added.

Paragraph 74h goes on to provide:

"Rooms or buildings in which black powder is handled will be
inspected frequently for the presence of black-powder dust;
and all such dust will be immediately removed with water."
Emphasis added.

In May of 1943 an explosion took place at the Day & Night
facility which killed three people including and Ordnance
Department inspector. Following a report on the explosion, a
recommendation and order was entered with respect to the facility
by the Chief of Ordnance on August 21, 1943. The Recommendation
described the materials involved in the accident as follows:

"Several drums of waste paper and sweepings, approximately
three hundred (300) pounds of rejected photoflash mixed
composition (in two 52-gallon drums) were involved. This
composition was rejected because the potassium perchlorate
had become wet during shipment to the facility, and caused
excessive 'balling1 in the composition mixing process."

The order of the Chief of Ordnance was:

" Destruction of M 46 Photoflash Bombs should be
accomplished by competent personnel in a manner prescribed
in Ordnance Safety Manual No. 7224, paragraph 66 e. The
loose composition should be destroyed by burning in
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accordance with paragraph 66 a in quantities of five pounds
or less each if practicable.

By order of the Chief of Ordnance:"

Paragraph 66a deals with black powder, whose handling, as noted
above, was considered the standard for photoflash powder. This
paragraph states:

"The safest method of destroying black powder is to dump it
into a stream or body of water; but if no suitable body of
water is convenient, it may be burned. In opening
containers, safety tools only will be used. The contents of
one container only will be burned at one time. The powder
must be removed from the container and spread out on the
ground in a trail about 2 inches wide. Care being taken that
no part of the trail parallels another part at a distance of
less than 10 feet. A train of inflammable material, such as
excelsior, should be used to ignite the powder. Emptied
containers will be washed out, as serious explosions have
occurred with supposedly empty black-powder cans."

A copy of the recommendation and order is attached to this
letter.

There are several conclusions that can be drawn from the
Ordnance Safety Manual at Day & Night. 1) After August 1943, Day
& Night was under direct orders from the United States to burn
its waste photoflash materials on the ground. 2) Waste flares
were burned on the ground. 3) The appropriate practice for
minimizing the constant danger of explosions in the work spaces
was to wash the areas down with water. At that time, there was
no sewer connection to these properties. As a result, all wash
water would have been released on the ground. Based on the 1945
site map that we sent you earlier, it would appear certain that
the large mixing areas, bounded by revetments, on the Day & Night
property, were regularly washed down with water to avoid the
accumulation of perchlorate and the other explosive ingredients
for flares and photoflash bombs that could create a safety hazard
to personnel.

The burning practices in open pits are consistent with all
we know about how Aerojet handled perchlorate. As reflected in
the Aerojet 104(e) response, the burn area was regularly washed
down with water after a burning both to avoid grass fires and to
assure that a later burn did not put new material on top of old
embers that could endanger personnel. Moreover, washing down
with water was the best method to make sure that unburned
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material did not accumulate on the burn site. Undoubtedly these
practices were similar for both companies.

If you examine the other Technical Memoranda which are
enclosed, you will find that they are totally consistent with the
Safety Manual on the manner in which flares, photoflash bombs and
waste materials were to be handled and/or destroyed. An even
more detail description of how black powder was to be burned is
found in TM 9-1904 at pages 773-74, and how flares are to be
burned on page 775.

Based on materials sent you earlier, Day & Night had a
number of rejected flares since the initial product
specifications contained defects. Moreover, it is clear the
dangers in the workplace to personnel from perchlorate were
constant. On April 25, 1945, Day & Night was admonished to
engage in better housekeeping "such as the removal of scrap
material." I have included the historical report for the third
quarter of 1945 which includes the following report after an
inspection on July 11, 1945:

"On 11 July, while T. H. Trask was visiting Day & Night
Flare Corp., it was discovered that a very dangerous
practice was being followed in their pressroom. Excessive
amounts of waste powder were being accumulated and minor
detonations were occurring when the molds were struck with a
metal tool to knock the center plugs back into position
after the ejection operation."

On July 17th, conditions were improved "but even so housekeeping
and maintenance were found to be very poor." The same quarterly
history refers to the fact that several hundred pounds of waste
flare composition and waste flares had been accumulated, all of
which were then destroyed by Day & Night. At the end of August
1945, the company had 20,000 rejected aircraft signals to be
destroyed. T. H. Trask is reported as saying: "It is expected
that this material will be disposed of together with the
termination inventories of hazardous material at Day & Night."
We have to presume, Day & Night followed the safety manual and
the directions of the Chief of Ordnance.

It is thus apparent that the disposal of materials and the
requirement to keep facilities clean contributed resulted in a
very substantial amount of perchlorate being either washed down
at the plant and flushed to the ground or burned in the Kincaid
Pit.

Based on the foregoing, it is apparent that Day & Night was
a large contributor of perchlorate to the soil and ultimately the
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groundwater at the Kincaid Pit and at its facilities. This is
clear evidence of "spills." It is also clear that the method of
disposal was ordered by the United States.

Any contingent liabilities of Day & Night were clearly
assumed by both United Technologies and Dresser Industries. As
noted in prior letters, Dresser acquired Day & Night in April
1945 and the assets of Day & Night's continuing business,
including its defense business, were later acquired by Carrier.
The remaining net worth and contingent liabilities of Day & Night
were dissolved into Dresser Industries.

One final argument which I made to you over the phone
relates to your concern that there was no evidence of a "spill"
by Day & Night. We obviously disagree, especially with the new
evidence established by the safety manual. Nonetheless, in
selecting prior PRPs, EPA did not require that it be shown that
successive owners of a contaminated site each be shown to have a
proven spill before being named as a PRP. It has been enough
that they all are shown to have used the chemical. Thus, at the
Valspar site, EPA has named Mobil, Valspar and Martin Marietta
even though, to my knowledge, spills were not shown by each PRP.

While we have not yet come up with your eye witness, we
believe we have provided sufficient evidence to name Day & Night
and its successors as PRPs.

Sincerely,

Peter R. Taft

PRT:mlp
Enclosure

[403009.5]
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1. Purpose.—a. This innniinl is published Tor I IIP information nml
guidance of nil Anny pprsoiinnl having lo do with nnmninilion.
Those responsible for the handling of nmniunition should become
thoroughly fnmilinr with its provisions.

6. The requirements of this innniinl MIT nppliniblo lo nil Arm)'
posts, camps, nnd oilier stations, excrpl nnlnnnoc establishments
under Ihc direct control of the Chief of Ordnance, wliere Ihc re-
quirements of the Ordnance Safely Manual (O. (). Form 7224) will
govern.

2. Scope.—The inforninlion continued herein is of n general lech-
nicnl nature. It concerns the fie vein I lyjies of nnimitnif ion, their gen-
eral characteristics, menus of identification, euro in linndling nnd use,
storage nnd maintenance, surveillance nnd grading, pncking nnd
mnrking, shipping, nnd Ilic ilestrnrtioM of duds nnd nnserviccnblc
ninmunition. Further informntion concerning .specific types of nm-
nmnition is contnincd in 'IWhnicnl Miinnnls nnd Field Mnnunls dent-
ing with the weapon in which the nniinnnilion in used, or, in the
cnso of nmmnnilion niich ns li«»nibs nml gi-enndes which do not re-
quire n wen|Min, this inforninlion is cunlnincd in Tcchnic.nl Mnnnnls
|H*rtnining to these < V|»efl.

3. References.—I'liblicnlinns conlnining ndililionnl infoi-ninlion,
referred lo in the. text, nml oilier |N>Hinenl referencoH nre included
in appendix 111.

TM 9-100O
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SKCTIOK II

GENERAL DISCUSSION
rmnitrnph

Oenernl-...________________._____________________ 4
Nnmpnclnliirc______________________________________ 5
niiHHlflnilloM______________________________________ fl
lilentlflrntlon_____________..__.__•_______________ 7
I'lilndiiR nml mnrklng._______________________________ fl
OrndliiK_______________.________.__________..____ n
1'rlnrlly of |IMIH>____________________________________ Jfl
Onre nnd prewrviitlnn_______________________________ Ji
rncklim nml innrkliiK for shipment_.______________________ J2

4. General.—a. The term "ammunition" ns used herein, unless
otherwise limited, will be understood to include nil military ammuni-
tion nnd components thereof. It applies to missiles dropped or
thrown by hnnd, nnd pyrotechnics, as well as projectiles profiled by
a charge of powder. !

It. Depending upon its general chn met eristics and methods of use,
ammunition is grouped into the following basin types:

(1) Small-arms ammunition—cartridges and shotgun shells used
in small-arms weapons.

(2) Grenades—explosive and chemical missiles thrown by hnnd
or projected by rifles, guns, or special projectors.

(3) Antitnnk mines—explosive mines usually laid in advance posi-
tions as protection against mechanized attack.

(4) Mortar ammunition—explosive and chemical ammunition used
in mortnrs commonly known as trench mortars.

(5) Artillery ammunition—explosive and chemical ammunition
used in cannon of all calibers.

(0) Bombs—explosive and chemicnl missiles designed for release
from aircraft.

(7) Pyrotechnics—ammunition designed to produce brilliant or
colored lights for illumination or signaling.

5. Nomenclature.—Standard nomenclature is established in order
that each of many items supplied by the Ordnance Department
may be specifically indentifled by, name. These names are published
in Standard Nomenclature Lists (SNL's). The nomenclature for
ninmunition items is published in 8NL groups P, R, S, and T.
For all purposes of record, the urn of this nomenclature is manda-
tory. Standard nomenclature is used herein in nil references to
specific items of issue. Examples of representative nomenclature
are—

Cartridge, ball, caliber .80, M2.
.Shell, fixed, HE, M41, with fuze, PD, M48, 75 mm gun.

F*r
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Shell, wmifixed. UK. Mil , with fuze, PI). MIR, Tfi-mm puck
howitzer Ml nnd Ml A I.

Shell, IIIC, Ml02, mi fuzed, tr>!t-nnii howitzer (nilnplod for
fii/.c, I'D. M5I or Mf.n. with honsler M2I).

Chnrge, propelling, Ml (green bag), ir>5-min howitzer
MHH7-I8.

IJomh, demolition, 100-pound, MM, mi fuzed (adapted for nose
fuze Ml03 nnd (nil fuze MKK> or MIOO).

0. GlnBRiflcntion.—<t. Ammunition is classified according to use
nil service, practice, hlnnk, or drill. Ammunition mny nlso he clnssi-
flcd According (o the kind of filler, ns explosive, chcinicnl, or inert.

6. Service nnintunilion in Ihnt which is used for effect. Such
ammunition (exf>ee.t. small-arms nmnninition) uminlly hns A high
explosive or chemical filler.

e. Prnctico nmmnnition is provided for (mining in mnrksmnn-
ship. Thin typo mny have n wnnll i|iinn(i(y of low explosive filler
to serve as a spotting charge, or Ihn filler mny he inert.

d. Hlnnk ammunition is provided for saluting purposes nnd for
simulated fire. It linn no projectile.

e. Drill or dummy nmmiinilioii is used for training in hnndling
nnd loading (service of the piece), nnd similar purposes. It is com-
pletely inert.

7. Identification.—a. ficnrraJ.—Kvery item of ammunition is
completely itidentified by (he pninling, marking (which include!) the
ammunition lot number), nnd ncconipnnying dntn cards or tngs.
For purposes of record the standard nomenclnlnre of the item, to-
gether with its lot number, completely identifies (he nmmnnition.
Included in both the marking nnd the standard nomenclature, nrc—

(1) A brief description of the type or stiitiiblo abbreviation
thereof.

(2) Cnliber, weight, or sire.
(.1) Model designation.
(4) Where required, Rich nddilionnl in formal ion as the model

nnd (ype of fuze, the model of the cannon in which (he ilem is fired,
the weight of projectile for which a separate loading propelling
charge is suited, elc.

(B) The lot number is marked on (he nmmnnilion but is not a
part of the nomenclature. However, when referring to s|»cc.ific nm-
mnnilion, it is necessary (o mention (ho lot number us well as tho
Atnndnrd nomenclature.

b. Moilrl.—To distinguish n particular design, n model designa-
tion is assigned at (ho time (he. model is classified us an ndoplcd

type. Thin model designation becomes an essential part, of tho
standard nomenclature and n included in the marking on tho item.
Prior to (ho World War, tho year in which tho design was adopted,
preceded by an M, was used as the model designation, for example,
MiDOfl. From the World War until July 1, 1025, it was tho practice
to assign murk numbers. The word "Mark," abbreviated <(Mk.,M
was followed by a roinan numeral, for example, shell, IIK, Mk. III.
The first modification of a model was indicated by the addition of MI
to tho mark number, the second by Mil, etc. Tho present system of
model designation consists of the letter M followed by an arabic
numeral. Modifications aro indicated by adding tho lotter A and
appropriate arnbic numerals. Thus M2A1 indicates tho first modi-
fication of an item for "which tho original model designation waa
M2. Certain items standardized for uso by both Army and Navy
aro designated by tho letters AN preceding tho model designation,
for example, AN-M100A1, AN-Mk. 10.

o. Ammunition lot nt»mA«r.—When ammunition is manufactured
an ammunition lot number, which becomes an essential part of the
marking, is assigned in accordance with pertinent specifications. This
lot number is stamped or marked oh every item of ammunition unless
the item is too small, on all packing containers, and on tho accompany-
ing ammunition data card or tag. It is required for all purposes of
record, including reports on condition, functioning, and accidents in
which tho ammunition is involved. To provide for tho most uniform
functioning, all of the components in any one lot aro manufactured un-
der as nearly identical conditions as practicable. For example, in the
case of fixed ammunition, all of the rounds in any one lot consist of—
• (1) Projectiles of ono lot number (one typo and one weight zone).

(2) Fuzes of one lot number.
(3) Primers of one, lot number.
(4) Propellent powder of one lot number.
d. Ammunition data card.—A 6- by 8-inch card printed with

pertinent information and data concerning the item and its com-
ponents, known as an ammunition data card, is packed in each packing
box with tho ammunition or, in the case of bundle packing, in each
fiber container. When required, assembling and firing instructions
aro printed on the reverse side of tho card. On recent shipments, tho
data cards aro not packed with tho ammunition and only a limited"
quantity are forwarded with the shipping tickets.

8. Fainting: and marking-.—a. I'aintinff.—A m m u n i t i o n is
painted to prevent rust and to provide, by means of color, a ready
means of identification as to type. The color scheme is as follows:
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(1) For oilier (linn bombs nnd smnll-nrms ammunition :
rntnr

High explosive ___ . Yellow __ .._.._ ————————————— Black
Ixiw explosive __ ... Heil _ _. ——— . — ———————————— Black
Chemical _ ... ——— (jrny ......... (lifen, red, .yellow, or purplo,

nccording lo kind of filler
Practice __ — - _ Blue __ - _____________ - __ White
Dummy (inert) _ — Him* ... ———— ....... ——————— While

(2) For bombs, Ihe color wlieme has I wen the sninc ns above. A
now color scheme hns been ndopled nnd bombs of recent, innnufHcturo
nnd those to be stored in Ihe oprn (except chemicnl bombs) will be
pninled olive drub, lusterless, with I -inch coloreil bunds np|ienring at
tho nose nnd tnil ends of Ihe body nnd n Vi -inch interrupted bund nt tho
confer of gravity. The color of Ihe bunds will lie ns follows:

Months conlnining n high-explosive filler (demolition,
general purpose, fragmentation) ——————————— Yellow

Practice....... ————————————————————— . Blue
Drill or inert—... __ ... —— - ———————————— Illnck

Cliemicnl bombs will be ptiinlcd gray nnd marked in accordance with
the old color scheme.

(3) For sninll-nrniH nmninnilion, cnrlridges do nut require paint-
iiig. The pncking lioxes, however, nre pninled brown with innrking
in yellow, nnd hnve n distinctive color bund, ns follows:

hull
Itlnnk

Dummy
(tunrd

(Inllery prncticn
High-pressure lest

Tracer
Armor-piercing
Hnll nnd tracer

Red
Hluc

(ireen
Orange
Drown
Yellow

(liven on yellow
Hlue on yellow

Yellow, i-ed, green
(.3 stripe bund)
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6. Marking.—The mnrking stenciled or slnnifted on the nmmuni-
tion mi<l on its pncking containers includes nil infonnnlion iieccssnry
for complete identification. Furl her informnlion concerning pnint-
ing nnd mnrking will be found under the specific lypn in chapter 2
nnd in Bert ion ] V,chnpler .1.

9. Grading.—n. Ammunition is mnnufnctured to rigorous speci-
fications nnd thoroughly inspected nnd tested bcforo acceptance.

0

• •

Tn accordance with the results of these tests, ench lot of ammunition
is assigned n grade. Ammunition in storage is periodically retested
to insure thnt its chnracteristics hnve not changed. If changes have
occurred, tho ammunition ia regrndcd.

b. Eneh lot of smnll-nrins ammunition is graded primarily on the
qualities which mnke that lot cs|>ccinlly suitable for use in a par-
ticular class of small-arms weapons. Soe Ordnance Field Service
Bulletin No. 3-ft.

c. Kneh lot of ammunition other than small-arms in graded as a
result of surveillance tests. See Ordnance Field Service Bulletin
No. 3-1.

10. Priority of issue.—a. Subject to spocinl instructions from
Ihe Chief of Or dun nee, ammunition of appropriate typo and model
will be used in tho following order: limited standard, substitute
standard, standard. Within this rule, ammunition which has had the
longest or lenst favorable storage will be used first. Among lots of
equal nge, priority will be given to the smallest lot.

ft. To prevent the building up of excess stocks in the field, transfers
may bo arranged within the corps area if no stock of appropriate
grade for immediate use is on hand.

c. Priority of issue for lots of small-arms ammunition is established
by the Chief of Ordnance and published in Ordnance Field Service
Bulletin No. 3-6, or in special instructions.

rf. Further details will bo found in the Ordnance Field Service
Bulletins, Series 8, nnd in AK 77&-10.

11. Care and preservation.—a. In order to keep ammunition in
a scrviccnblo condition, ready for immediate issue and use, due
consideration should be given to the following:

b. Ammunition should bo stored in the original containers, in a
dry, well-ventilated place, protected against the direct rays of the
sun nnd other sources of excessive bent.

o. Ammunition nnd its containers should bo kept clean and dry nnd
protected from damage.

d. Components of ammunition should not bo disassembled without
specific authorization.

<?. Scaled containers should not bo opened nor protective or safety
devices removed until just before nso.

/. Ammunition prepared for firing but not fired should bo returned"
to its original pncking and appropriately marked. Such ammuni-
tion should be used first in subsequent firings in order that stocks of
opened packings may be kept at a minimum.

12. Packing: and marking for shipment.—a. Ammunition is
packed nnd marked in accordance with pertinent specifications and
drawings.
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b, Parkings for niniiiiiiiifion nri> designed In withstand nil condi-
tions ordinarily encountered in handling. storage. nml transportation
nnd In comply with Interstate Commerce Commission regulations.

c. Marking includes nil information required —
(1) For complete identification of contents.
(2) My the I nl (win I <• Commerce Commission fur shipping, in-

cluding addresses nf consignor nnd consignee nnd shipping dcKignn-
(ion nf (lie contents.

d. Further information concerning packing tind marking is con-
tained in section IV, chapter 2.

I I I
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13. General.—Kxplosivesof one kind or a not her area fundamental
part of all ammunition. For military purposes, explosives nrc di-
vided into two basic groups, propellants nnd high explosives. One of
the chief differences lietween these groii|M is the rapidity with which
the explosion occurs. Pmpellnnts explode nt n relatively slower rate
than high explosives. High explosives detonntc nlmost instantane-
ously. Pro|H'llnuls comprise those explosives which nre used princi-
pally for propelling projectiles from guns. They nre deserilied in
this section. High exphtsives comprise those used principally as
filler or bursting charge for explosive components such as projectiles,
bombs, nnd grenades, anil also those used as initiators. They nrc dc-
scrilttd in section IV. Further information concerning properties,
methods of manufacture, etc., wil l be found in TM W-2IMH1.

14. Explosive trnln.—A series of explosives beginning with n
small amount of sensitive explosive nnd terminating with n largo
amount of comparatively insensitive explosive is termed nu explosive
train. In general there nre two such trains, the prn|>cUing charge
explosive trnin nnd the bursting charge explosive train. The propel-
ling charge explosive trnin usually consists of primer, igniter or

8

clinryre, nnd propel I ing dinrge. Thus n spit of fire from n
smnll qiinnlity of sensitive explosive (the primer) is InuisinitU-d nnd
intensified (by igniter) to the end Hint n (urge qunntity of rclntively
insensitive explosive (the propelling chnrge) burns in the mniuicr
ittniired to project the projectile properly. In HOIIIC instnntics, such
ns snmll-nrins cnrtridgcs, whero the pi-oiK-lling charge is relatively
small, the igniter is not required. The bursting charge explosive
trnin is described in section IV,.

15. Classification.—All explosives currently used ns propellnnts
have a nitrocellulose base nnd are commonly known n« smokeless
powders. Various organic- or inorganic substances nre added to tiro
nitrocellulose- Imso during n|Rtiufncture to give improved qualities for
special purposes. These powders nre distinguished by such terms ns
double-base powder; Hashloas-nonhygroscopic, FNH; nnd iionhygro-
scopic, NH; ns well ns commercial trade names or symbols. A
straight nitrocellulose |>owdor la known ns pyro powder. Hliick pow-
der us n propellnnt has been nlmost completely mi|>crscdcd by smoke-
less powder.

16. Smokeless powder.—a. Charaottri.ifics.—Smokeless {lowdor
is not entirely smokeless nnd it is not n powder. It is manufactured
in the form of flakes, stri|>s, pellets, or jwrforaled cylindrical grains.
The cylindrical grains nre made with varying diameters nnd lengths.
Tho critical dimension is the web size, that, is, thn average thickness
of tho powder between the perforations. In color, tljo grains vary
from n light amber to n deep brown or blnck. Figure 1 illustrates
typical grains. Strip jwwder may bo used ns n satisfactory substitute
for perforated cylindrical grains in time of emergency.

6. nurninff-action.—Unconfined smokeless powder burns like cellu-
loid with little nsh or smoke, but when confined its rate of burning
increases with temperature nnd pressure. Figure 2 shows the manner
in which Uio grains burn.

c. Solvent.—Smokeless powder is manufactured to contain in tho
finished grains n definite amount of solvent (an ether nnd alcohol mix-
ture). If there is n marked-change in the amount of solvent, n
change in ballistic properties will result. Powder must Ixj carefully
protected against high temperatures, moisture, nnd changes in tem-
perature. To guard against changes due to such conditions, smoke-
less powder is always packed in airtight containers.

d. Use.—Nitrocellulose smokeless powder is used ns tho pro|icl-
Innt for small-arms nnd larger caliber ammunition. Tho perforated
form of grain is the one most commonly used in United States
military powders. Single perforated grains are used for smnll arms,
minor caliber cannon, nnd certain howitzers. Powders with seven
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perforations are used for larger caliber weuposis. See. figure 3 for
examples.

17. Pyro powder (straight. nitrocellulose, powder).—For mnny
years Iho nlnndnrd powders in service were of the straight nitro-
cellulose, type.. Commonly referred to ns pyro pow<ler or pyroccl-
lulose, it is now largely used as a suhslitute standard for the FNII
and Nil powders. A disadvantage is the production of muzzle flash
in firing. It is also hygroscopic and,has relatively low potential.

18. Double-base powder.—The term double-base powder has
been applied to powders continuing faith nitrocellulose mid nitro-
glj'cerin, thn nilroglyrerin serving to increase the polcntinl. Small
percentages of inorganic units nre often ndded, serving to reduce
flash and make the powder more ignitilde. Ballistite is a typical
nitroglyceriu powder nnd in used in 1'2-gnge shotgun shell and in
3-inch mortar ammunition.

10. FNH and NH powder.—Flashless-nonhygroscopic (FNH)
powders are mixtures of nitrocellulose and other materials which
are added in order to cool the products of combustion, thereby re-
ducing the flash. These added materials also reduce hygroscopicity,
that is, tendency to absorb moisture. They arc used in propcllants
for most guns nnd howitzers of 37-mm and larger caliber. FNH
powder may lie flashless in one weapon and yet not completely
flashless in another. When FN1I powder is designated to be used
with weajmns in which flash occurs, it is termed Nil powder. Nitro-
glycerin is used in certain FNH powders for small cannon, in trench
mortar propellnnts where es|»eeially rapid burning is required, and
in certain high velocity ammunition.

20. Quncotton.—Uuncotton, a nitroccllulo.se of high nitration, is
used in (he manufacture, of FNII jwwders. Small wisps of dry
guncolton arc used as flame carriers in (he central lulie of shrapnel
to connect the fuze, with (ho base charge. It is nlso used in electric
primers.

21. E. 0. smokeless powder.—1C. C. smokeless (mwder, or E. C.
blank fire, consists of nitrocellulose with inorganic nitrates. It is
usually orange or pink in color and resembles coarse sand, though
it is soft and light. It is sensitive, to friction, shock, or heat. It
absorbs moisture readily nnd so must be protected from the atmos-
phere. It is usually exploded by flame from n primer or fuze. It
burns extremely rapidly in the open, but explodes if confined. It
is used as a bursting charge in fragmentation hnnd grenades. It is
nlso used in caliber .30 and caliber .50 blnuk cartridges.

22. Smnll-nrms propellnnts.—Smokeless powder for small arms
differs from that used for cannon in (hat it is usually glazed with
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graphite to facilitate machine loading and thus present** a black
polished appearance. Since the powder grains are small, they ignite
more readily and burn more freely than cannon powder; and when
moisture is present or abnormal tcni|)ci>atui>e prevails, they nro sub-
ject. to more rapid deterioration than the larger grains. Small-
arms powders, like cannon powders, are packed in airtight contain-
ers. Many small-arms powders are nearly as sensitive ns black
powder to friction. Therefore, nil precautions used in handling
black powder should be observed for small-arms powders. In gen-
eral, there are two types of email-arms propel lants, the single-base
pyrocelluloso typo and the double-base type.

23. Black powder.— a. General characteristics, — Black powder is
nn intimate, mechanical mixture of finely pulverized potassium or
sodium nitrate, charcoal, and sulfur. The commercial blasting pow-
der with sodium nitrate is now used for saluting charges. Potas-
sium nitrate is used in the powders for nil other military purposes.
Dlack powder is usually in the form of small black grains which are
polished by glazing with graphite. It is subject to rapid deteriora-
tion in the presence of moisture, but if kept dry retains its explosive
properties indefinitely. It is one of the most dangerous explosives
to handle because it is sq easily ignited by heat, friction, or spark.

b. Use*. — As a propellant, black powder has been superseded almost
entirely by smokeless powder. Its present military use, in its several
grades, is practically confined to —

(1) Ignition charges.
(2) Base charges, or expelling charges, for shrapnel.
(3) Pellets for primers and fuzes.
(4) Blank ammunition charges.
(5) Smoke-puff charges.
(<1) Nursling charges for practice bombs, shell, and mibcaliber

shell.
(7) Time-train rings and combination fuzes.
0. Precautions. — Black powder is particularly sensitive to flame or

spark. When handling black powder in cans or bags or when it
is not absolutely protected against sparks, the precautions described
in section I, chapter 3, will be strictly observed.
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24. General.—Those explosives whose rale of decomposition is so
high as to preclude their use nn propclliinls and which bring nlMiut n
powerful disruptive nclion are known it* detonating explosives or,
more commonly, high explosives. They BIO usually nilrnlion pro-
ducts of organic sulistances such as rHIulom, nlnrr-h, or conl tar
derivatives but mny ho nitrogen-containing inorgnnic sul>stances or
mixtures of both.

25. Explosive trnln.—Although (hern are, two explosive trains—
the propelling-charge explosive train and the bursting-elmrgo. explo-
sive train—the term "explosive train" ns coinmoiily used is intended
to mean bursting-charge explosive train. It consists of a series of
explosive, elements so designed and arranged that each element suc-
cessively transmits and intensifies (he initial fire from the primer
to tiro end that, the relatively large quantity of bursting duirpn
detonates in flie desired manner. These elements are usually a
primer, time or delay element where required, detonator, booster,
and bursting charge, arranged in order of sensitivity—a small quan-
tity of sensitive explosive to a large quantity of less sensitive explo-
sive. Hie lime or delay elements may he omitted when "super-
quick*1 action is required, or cither or both may be combined in a
fuze, with supcrquick action and means provided for setting the
fuze just before use. In rhemieal ammunition, the bursting eharge
is replaced by a rhemiral agent, and I ho explosive element (which
resembles a Iwoster) is called the "burster." The, propelling-charge
explosive train is described in section I I I .

26. Trinitrotoluene (TNT).—a. f'VnrW.—Trinitrotoluene,com-
monly known as TNT, is the principal constituent of many explosives,
and has been used by itself under such names as Iriton, trotyl, tol-
ito, trilite, trinol, trilolo. It is the Army's most important high
explosive.

b. Chamctcrixtic*.—TNT is one of the most stable of high explo-
sives, and can be stored over long |ieriods of time when properly puri-
fied. It is relatively insensitive to blows or friction. When ignited
by flame in the open it burns rapidly without explosion. Hnrning
or rapid heating of large quantities, ospcciiilly in closed vessels, may,

14
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however, cause violent detonation. It has powerful brisant prop-
erties. It is readily detonated by mercury fulminate, tetryl, and
other similar high explosives. It is nonhygroscopic and does not
form sensitive compounds with metal. It usually resembles light
brown sugar but when pure is crystalline and has a very palo straw
color. It is a very satisfactory military explosive because it is easily
melted and poured into a shell or bomb to form a solid crystalline
explosive charge. Ammunition loaded with TNT can bo stored, han-
dled, and shipped with comparative safety.

o. Exudation.—8omt ammunition loaded with TNT when stored
in warm climates or during warm summer months may exudo an
oily brown liquid. This exudate oozes out around the threads at tho
nose of the shell, and may, form a pool on the floor. Exuding shell
should be reported to the corps area or department ordnance oflicer,
who will give the necessary instruction for their use or disposition.
The exudate is inflammable and may carry small particles of TNT.
Pools of exudate should bo removed by scrubbing tho floor with
hot water.

d. Detonation.—TNT in crystalline form detonates readily under
the influence of a No. 0 detonator and, when highly compressed, of
a No. 8 detonator. When cast, it is necessary to use a booster charge
of pressed tetryl, or an explosive of equal brisanco, to insure com-
plete detonation.

e. Use.—(I) Bursting ehaffft.—TNT is used as a bursting charge
for high explosive shell, alone or mixed with ammonium nitrate to
form 60/50 or 80/20 amatol. Flake TNT is used in 37-mm shell.
Other military uses of TNT are as a bursting charge for bombs, anti-
tank mines, for parts of certain shell and bomb boosters, and as a
constituent of propellent powder.

(2) Demolition.—TNT is used to demolish bridges, railroads, and
other structures and for land mines placed under enemy trenches or ,
fortifications. For such work TNT is made up in the form of a
small, highly compressed block enclosed in a fiber container which
protects it from crumbling in handling and renders it waterproof.
Tho triton blocks used by the Corps of Engineers are blocks of
pressed TNT, enclosed in a cardboard container.

(8) Blasting.—It is suitable for all types of blasting where 40
percent dynamite is used.

(4) Detonating fit&t.—Primacord Bickford is tho trade name for
a detonating fuze which consists of a flexible fabric tube filled with
high explosive.

27. Amatol.—a. General charactcri»tic».—bntnto\, a mechanical

in
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mixture* of nmmnuiiini nil rule nml TNT. IIHS iipproximtilply lln> some
gcnrrnl dim net eristics ns TXT. It is crystnlline nnd yellow or
brownish, moist urc-nhKorhing, insensitive to friction, but niny bo
dclonnted by severe impncl. It. IB rendily detonated by mercury ful-
ininnlc nnd other high explosives. It. hits no (pudency to form dnn-
gprotis compounds with metnls, ex<-ept nipper nnd tin, nnd in less
likely to exude (ban is TNT. It nltsorlm moisture nnd corrodes
booster cnsings nnd Hit-cuds when moist. Aninlol, 50/50, linn ap-
prnximnlply the snme rale of dclonnlion nnd hrisnncc ns TNT.
Anmtol, RO/20, produces n while smoke on dplonntion; nnd nnmtol,
50/50. a smoke less blnck thiin straight TNT.

b. Compotition and farm.—Amnlol, no/r»0. consists of 50 percent,
by weight, ammonium nit rate nnd 511 ppreenl TNT; it is sufficiently
fluid when hot. to lie poured or cnst like TNT. Anmtol, RO/20, con-
sists of 80 percent nmnioniiini nilrnle nnd 20 pprcpiit TNT. It re-
sembles wet brown sugnr nnd when hot is n plnslic ninlprinl nnd is so
pressed into shells nnd bombs.

c. Vnf.—Amnlol in n substitute for TNT. Anuilol. 50/50, is nspd
for Nhell of 3-inch calilier nml Inrger nnd RO/20 nmntol for shell of
155-inm nnd Inrgcr. Anmtol is also used in Inrge lionihs.

28. Ammonium picrnte (explosive D).—ft. Cl«tr<ictcr!*tic*.—
Ammonium picrnto is the lenst sensitive of milittiry explosives to
shock nnd friction, which mnkes it well suited for use ns n bursting
dinrgo in nrnior-piercing projectih-s. It is slightly inferior in p.x-
plosivn K(ren^th to TNT. It docs not met! but decomposes when
lienled and explodes. It rends with metnls slowly nnd when wet it
cnn form sensitive nnd dnngerous picrnles with copper nnd lend. It
is difficult to detonnte but burns rendily like tnr or resin.

b. Fipffinl precaution*.—(I) Ammonium picrnte which tins been
pressed at n filiell-londinjr plnnt nnd removpd from n shell is very
much more sensitive to shock or n blow (linn new mnterint. It
should 1m protected npnSnst shock or (in*, nnd it should preferably
be stored in n building by itself.

(2) Although less sensitive thnn TNT.1t cnn IN* exploded hy severe
shock or friction, is highly inflnuintnhle, nnd when hented to a high
tein|H>rnturc mny delonnto.

*•. Vxr.—Explosive 1) is used ns n bursting charge for nil nrinor-
piercing shell, in projectiles for senconst cnnnon, nnd in other lyjies of
projectiles which must willislnnd seven* NhiH'ks nnd stresses hcforo
dot (milling.

29. Picric ncid (trlnitrophenol).—a. rhni-iirt?ri*t}r*.—Picric
ncid is n lemon-yelloxv cryslnMine solid. It is entirely slnble, but
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tho presence of nny trace of explosives which detonnto morn readily,
micli ns mctiillic; picrntcn, may cnuso sudden dotonntion of burning
picric ncid. It hns ttlxmt tho snmo sensitivity to shock ns TNT and
is Romcwhnt more rendily detonated by means of a detonator. It is
one of the. most powerful military explosives.

b. UM.—Introduction of TNT as a military explosive has resulted
in n grnduul nbnndonmont of tho use of picric ncid. It is used for
conversion into ammonium pioralc, as a booster explosive, and even
as a substitute, for part of the mercury fulminate charge in detona-
tors. Picric acid hits been used extensively in the form of mixtures
with other nitro compounds.

30. Nltrostarch explosives.—a. Oeneral.—(1) Nitrostnrch is a
white, finely divided material similar in appearance to ordinary pow-
dered stnrch. It is more sensitive to impact than TNT but less sen-
sitive thnn dry guncotton or nitroglycerin. It is highly inflammable,
being readily ignited by the slightest spark such as may result from
friction, nnd it burns with explosive violence.

(2) Nitrostnrch explosives are readily dctonntcd by mercury ful-
minnte detonators, n No. 6 detonator producing complete detonation
unless the explosive has been rendered unduly insensitive by exces-
sive absorption of moisture or by other cause.

(3) A nitrostarch demolition explosive has recently been adopted
as a substitute for TNT. It is consolidated into %-pound and 1-
pound (four %-|H>und) blocks nnd in comparison tests it has been
found tlint the TNT formulas for computing small charges arc di-
rectly applicable to tho nitrostarch demolition explosive. Nitro-
stnrch blocks must not be broken into fragments ns this mny cause
detonation.

b. Use.—Nilrostnrdi may be considered as a substitute for TNT in
emergencies when there is a shortage of toluene for making TNT.
During the World Wnr, nitrostarch was used in tho following form:'

(1) Trojan grenade explosive.
(2) Trojnn trench mortar shell explosive.
(3) Grenito.

31. Tetryl.—a. General.—Tetryl is the stnndnrd booster explosive.
It is a yellow crystalline solid. When hented it first melts and then
decomposes and explodes. It burns readily and is more easily do-
tonntnd thnn TNT or ammonium picrnto, being almut ns sensitive as
picric acid. It is detonated by friction, shock, or spnrk. It is prac-
tically nonhygroscopic. It is stnble at nil tRin|ieratures which may
bo encountered in storage.

b. Detonation.—Hrisnnco tests show tetryl to hnvo greater shiitlcr-

JltMUM*. . *•
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ing ability thnn nny other inililnry high explosive. Picric ncid and
TNT come second find Iliird in hrisnnce, resjieelively.

<l. Use.—(I) Charge*.—Tetryl in Nufliciently insensitive when
compressed into a booster to lie pnfely used ns n l»ooslor explosive.
The violence of its detonation insures n high order of detonntion of
the bursting charge. It is used in (he form of pressed pellets. Tct-
ryl linn hcen npprovrd as the standard bursting chnrgn for smnll-
cntiher projectiles. It given appreciably letter fragmentation to
them fllicll thnn TNT. It is also more remlily detonated nnd yet,
in small-caliber shell, withstands the forre of set-lmck.

(2) Detonator.—Telryl in nlso used in detonators ns a base charge,
tho tclryl heing pressed into the hottom of the detonntor shell and
then covered with a small priming charge of mercury fulminate,
lead axidc, or other initiator.

32. Mercury fulminate.—a. Genfml.—Mercury fulminate is A
heavy crystalline solid, while when pure hut ordinarily a faint
brownish yellow or grayish tint. It is extremely sensitive to bent,
friction, spark, flume, or shock, detonating completely in nearly every
instance. Its sensitivity varies with lempenilure.

b. U*f..—Mercury fulminate is used only for the purpose of bring*
ing about (he detonation of the less sensitive high explosives or the
ignition of propellent explosives. It 111113' l»e used alone or mixed
with potassium cblornte.

33. Lend azlde.—1/end nzide is nn initinling compound used for
bringing almut delonntion of high explosives. It. is a fine crenm-
colored compound. It is sensitive to (Inine hut. is loo insensitive to
be used nlono where initiation is by impart of a firing pin. It is not
easily decomposed by heat. It- flnslics at a much higher temperature
than mercury fulminnte. lyss weight of lead azidc than of mercury
fulminate is required to detonate nn equal amount of TNT, totryl,
etc. Lend aside has been introduced to su|>ersedc mercury fulminate.

34. Miscellaneous explosives.—n. Trimonite.—Trimonitc is a
mixture of picric ncid and monouilronnphtlinlenc. It mny be used ns
a substitute for TNT in shell wherever nmntol may also bo used as a
substitute.

b. Ammonal.—Ammonal is n high-explosive filler for shell. It is
composed of TNT, ammonium nitrate, and finked aluminum. The
term ammonal refers generally to explosive mixtures containing
TNT and powdered aluminum. As n rule, ammonal explosives are
insensitive nnd, because of the aluminum content, detonate with
resultant higher Icinperndirc nnd brighter flush than other high
explosives. They are used in proving ground tests for licttcr ob-
servation.
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35. General.—a. Definition.—A chemical agent is a substance
which, by its ordinary and •direct chemical action and in concentra-
tions attainable in the field, produces a toxic or an irritating (harass-
ing) physiological effect, a :scrccning smoke, an incendiary action,
or any combination of these. An agent that produces more than one
of these effects is classed according to its principal use.

b. Go* mask and pfotwtiw.olotMng.—The service gas mask •will
give full protection against-war gases in concentrations likely to be
encountered in the field. It will not protect against carbon monoxide,
illuminating gas, ammonia, or cyanide gas. It is therefore not suit-
able for use in case of industrial accidents or fires. For special
opcrntions in extremely heavy concentrations, protective clothing may
be necessary. For operations •where vesicant gases are present, pro-
tective clothing should be worn.

o. Reference*.—There, is included in this section only a general
treatment of the character and uses of chemical agents, the protec-
tion required, first-aid treatment, and decontamination measures.
Further information will be found in TM 8-216, TM 0-860, FM 21-10,
and FM 21-40. • «

36. Classification.—Chemical agents are classified according to—
a. Tactical we.—(1) Ctutoalty agentt.—Used directly against

enemy personnel to produce casualties. •
(2) TIarousing agentt (irritanti).—Uscd to reduce military effi-

cioncy by forcing enemy personnel to mask. •'
(3) Screening agentt.—Used to produce an obscuring smoke or

fog.
(4) Incendiary agents.—Used to cause tiiQ ignition of combustible

materials. :

(5) Simulated agentt.—Used for testing equipment or training
personnel. They are harmless substances whoso physical properties
are similar to those of the agent represented. :

6. I'hytwlogical effect.—(1) («) l.wng irritants.—Incapacitate by
damaging lung or bronchial tissue.

(b) Venicants.—Gimm inflammation, burns, nnd destruction of tis-
sue both internally and externally.

IB
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(c) fcotrimafar* (fftr prmturtra).—Onnse n copious flow of learn
and intense, though temporary, irritation of the ryes.

(d) fitrruHtator* (irritnnt umatfii).—Cause, violent, headache,
nausea, and sneezing, and temporary physical debility.

(2) Any of (lie ilium; physiolo|>icnl effects niny |M> incidentally pro-
duced hy nil agent having some other primary classification such as
incendiary or screening smoke.

<?. Purpo*?.—(1) Gnu.—An agent whMt produces either a toxic or
irritating physiological effi>ct. Such an agent may he in BO!id, liquid,
or gaseous Mate hefore dispersion. Oases are further clarified an
persistent—those remaining effective at the point of release for more
than 10 minutes; and nonpcrsiHtent—those which become ineffective
within 10 minutes.

(2) Smoke.—An agent which produces an obscuring screen.
(3) Incendiary.-—An agent which produces lient sufficient to ignite

combustible materials.
37. Fainting nnd mnrklng.—a. Paint iny.—Tn general, ammuni-

tion is painted to prevent rust and to provide, hy means of the color,
a ready means of identification as to IVJM-. Chemical ammunition is
identified hy the hase color, gray.

"b. Marking.—Tho particular agent used as chemical filler is indi-
cated in the marking on the ammunition hy one or two hands and tho
type of filler and its symliol, all in a distinctive color in accordance
with the tahlo in paragraph 38.

38. Description.—a. ffrnrraJ.—The type, common name, and sym-
bol of the principal chemical agents are included in the tahle Itelnw.

6. Vfmranl pwfii.—The principal (tcrsistent casually agents arc
mustard gas and lewisite.

(1) Mustard gas (US) is a dark brown liquid which slowly
nva|mrales to a colorless gas having the odor of garlic. Its princi-
pal physiological effect is that of a vesicant although the blistering
docs not ordinarily appear for several hours. If inhaled, the vapors
have a lung-irritant effect. For complete, protection against US, both
gas mask and protective clothing are necessary. First-aid measures
consist in washing with copious amounts of soap and water or wiping
off with organic solvents such as solvent, dry-cleaning, and neutral-
ising with a thin paste of chloride of lime. Clothing contaminated
by HS should lie removed at once and decontaminated by airing or
steaming. The tactical use of US is to neutralize areas, contaminate
materiel, cause casualties, and harass enemy personnel. It is pro-
jected hy artillery and mortar in shell, from airplanes by (tombs and
sprays, and left hy retreating troops in land mines. US renders food
and water unlit for urn.

TM 0-1000
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(2) Lewisite (Ml) in a dark brown liquid evaporating to a color-
less gas which has the odor of geraniums. In addition to being vesi-
cant and lung-irritant, lewisite is an arsenical IMHSOII. Gas musk
and protective clothing are necessary for protection against Ml.
First-aid measures consist of washing with soap and water, or n 5-
irarcent solution of sodium hydroxide followed by alcohol. Tactical
iiso of Ml and methods of projection lire the same as those for 118.
It renders food and water permanently unfit for use. •

0. IVonpersistcnt gatet.—The principal noitirarsistent casualty agents
are chlorine, phosgene, and chlorpicrin.

Typical cktmical aftnli

Tjrp«

Persistent gas.

Non|>enlstoiit
VIM

Irritant gas. . .

Smoke. —— ..

Incendiary....

S i m u l a t e d
agents.

TMtfel.*

Casualty., k

CMiialljr...

Harming. .

Screening...

Incendiary .

Training...

,.:!.*•._.«.
MutUrd gu......
Lewisite..........
Chlorine.... .... .
Phosgene.. —— ..
Chlorplorln — ....
Tear gM
Tear gas solution..
Tear gaa-chlorple-

rln.
Adamslte ____ ..

HC-8moke...... .
F8-8moke... ——
FM-Smoko .......
White phosphorus.
Thermit..........
Barium mixture. ..

AibMtlno Buapon-
•lon.

Molaasoe residuum.

symbol

H8
Ml
Cl
CO
1'8
CN

CNII
CN8

CM
DA
HC
FS
FM
WP
Til
F8

AS

MR

Mtrkliw

XX* GA8 Mid 2
bands (all In green).

XX* GAS and 1
band (all In green).

XX* GAB and 1 band
(all In rod).

XX* SMOKE and 1
band (all In yellow).

XX* INCENDIARY
and 1 band (all In
purple).

Symbol of agent; type
band, and color of
agent represented.

•Symbol of UN Altar tueh n ON. WP. l», «M.|

(1)'Chlorine (Cl) is a greenish-yellow gas with a pungent odor.
Its physiological action is that of lung irritant. For protection the
service gas mask is sufficient. 'First aid consists in removing the
casualty to puro air, keeping him warm and quiet, giving mild non-
alcoholic stimulants such as coffee or tea, and evacuating as an abso-
lute litter case. Tactical use is'as a casualty agent. It is used alone,
and with others of this group, in gas cloud attack from cylinders and
Livens projector shell. It has a. vigorous corrosive action on wet or
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moist metaln. F««id nnd wnler contaminated with Cl rnn lie made
fit for use under (In* Hi reel ion of n medic-til officer.

(2) Phosgene ((XI) appears on projection us n whitish cloml
changing to colorless gas. It has the odor of silage or new-mown
liny. Physiological action, projection required, first aid, tactical use,
notion on metals, anil act ion on ffMHl nnd wnter arn the smnn as for Cl.

(3) Chlorpierin (PN) is an oily liquid chnnging slowly in the open
to n colorless gas with the odor of Hypiipcr. Physiological action is
irritation of eyes, nose, nnd throat, nnd, ns concentration increases,
PS causes nausea and lung irritation, (las mask is required for pro-
tection. Kirst nid is the same as for Cl, for exposure to the vnpor.
In addif ion, any splashes of liquid agent on the skin should he washed
oft*, preferably with nn nlcoholic solul ion of sodium sulfile. Tactically,
it is used in heavy concentrations as a casualty agent and in lighter
concent rations as a harassing ngent. PS is used with tear gns in artil-
lery nnd mortar shell, airplane homlts and sprays, with phosgene and
chlorine in Livens projector shell, nnd from cylinders. Il has slight
action on inetnls. Contnminnted food and wnter may ho rendered
fit for use under the di red ion of a medical officer.

d. Irritant. fiaMn.—The harassing agents (irrilnnls) are the hicrim-
ators nnd the irritant smokes.

(1) Chloracelophenono (CN), commonly known ns tear gns, is
typical of the lacrimntors. It is n solid with n faint fragrant odor
which resembles that of apple or locust blossoms. Its physiological
action is extreme irritntion of the eyes. A gas mask is sufficient fop
protection. First-nid treatment oilier Ihnn removal to puro air is
rarely necessary but in aggravated cases washing out the eyes with
boric acid solul ion will help. CN is used nlone in grenades and mortar
shell. It is used in solution nlone (CNI!) and with chlorpicrin (CNS)
in artillery and mortar shell, nnd from nirplnncs in honilw nnd sprays.
CN has slight action on metals. II imparts only a disngreenhlo lasto
to food and water.

(2) The irritnnt smokes are typified by adamsitc (DM). DM is a
solid which is dispersed by burning type munitions and appears as ft
yellow smoke with nn odor somewhat resembling con) smoke. Its
physiological net ion is to cause Incrinintion, violent sneezing, intense
headache, nausea, and temporary physical debility. For protection,
the service gns mask, which is equipped with an efficient smoke filter,
is required. Treatment other than removal to pure air is seldom
necessary although breathing light concent rat ions of chlorine, as
from a blenching powder bottle, will give relief. Tncticnl use is as
a harassing agent and it can only IM; used from burning type munitions
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such ns candles and grenades. DM has slight action on metal but
renders food and water permanently unfit for use.

«. Screening amok**.—These are produced by I ho dis|>ersion of par-
ticles in the atmosphere by the burning of solids and by spraying
liquids. They mo used to screen movements nnd activity, to blanket
tho enemy and thus obtain fire superiority, to inactivate oliservera, to
spot artillery fire and bombing, and to disguise cloud gas.

(1) Sulfur trioxido-chloraulfonic acid mixture (FS) is a liquid
which when dispersed into » humid atmosphere produces a dense
white smoke. It is projected in shell, by airplane spray, and from
portable cylinders. FS liquid is very corrosive and rublicr gloves
should 1m worn in handling it No mask is necessary for the smoke.
First aid for FS liquid bums consists of washing with large amounts
of water, then with bicarbonate of soda solution, and then treating as
for ordinary burns. The smoke is harmless to personnel except in
very heavy concentrations. Liquid FS renders food and wnter unfit
for uso; the smoke merely imparts an unpleasant taste. On account
of its corrosive nature, certain restrictions are in force on tho use of
FS. (See All 750-10.)

(2) Titanium tetrachlorido (FM) is similar to FS in appearance,
properties, and use.

(3) Hcxachlorothano-Kinc mixture (HC) can bo used only from
burning type ammunition such as grenades and candles. No protec-
tion of personnel or materiel is required. Food and water are not
spoiled but acquire n disagreeable odor.

(4) White phosphorus (WP) is a yellow waxy substance which
takes fire spontaneously and produces a dense white smoke. Its prin-
cipal use is to produce smoke although it is an incendiary and cas-
ualty agent as well. WP is used only in explosive type projectiles,
artillery and mortar shell, and airplane bombs. When the projec-
tile explodes it scatters small pieces of phosphorus which ignite spon-
taneously. These particles continue to burn even when emlicdded in
tho flesh. Phosphorus burns should bo kept under water or well
packed with moist earth until the particles are removed. Phosphorus
smoke is uncomfortable to breathe but harmless; however, the par-
ticles will poison food and water.

/. Incendiariex.—Various types of incendiary agents are used. An
aluminum-barium nitrate mixture (FR), thermite, or thermate are
used in magnesium or steel containers. Thormatc, a mixture of
thermite with other substances which accelerate the burning, is used
in incendiary bombs nnd grenades. Combustible oils have been used,
sometimes witli particles of metallic sodium, which re-ignite the
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oil when wnler is used to quench I lie lire. Phosphorus is used, espe-
cially ngniimt light nnd iullnmmnhle cons) ruction. On si dine, nnd mix-
tures of gasoline with rubber, alcohol nnd olhi'r suits! nticcs is lined
in iHinilm nnd grenade* Unsoline-fllled bombs hnvn n Mark powder
burster nnd igniter. Tho gnsoline-filled grcmidcs nre. glnss |MI(|.|CB
provided with n pull-wire fuse lighler or other lypc- of igniting fiusc.

39. Decontamination.—a. Aiiinuinilion should ho kept in sealed
containers. If exposed to muslnrd fins, however, it must lie thor-
oughly decontaminated before it cnn he lired. Contaminated ammu-
nition will lie cleaned with agent, deronlnminnting, noucorrosivo, or
if this is not avnilnhtc, strong soup nnd cool wnter. Corroded am-
munition will cither bo cleaned thoroughly or discarded. Agent,
decontaminating (chloride of lime), which is used in decontaminat-
ing other materiel, will never he used on or near ammunition sup-
plies, particularly in its dry powdered form, na flaming occurs
through the use of chloride of lime on mnslnrd. Materiel other than
ammunition will be decontaminated nccording lo instructions in TM
0-880, KM 21-40, or TC 38,1041.

o. The vesicant pro|>crlics of lewisite ran he destroyed through
use of the same procedure used for mustard. The products resulting
from such decontamination, when washed on the ground, are ex-
tremely {misonons because of their arsenic content nnd will pcrmn-
ncntly poison drinking water in the vicinity of the contaminated
area.

0. Smokes and nonperftislent gases nre corrosive to melnl, es|K>.cinlly
in (he presence of moisture. The agent must he removed or neutral-
ized to prevent damage to the equipment. Metallic materiel exposed
to any of these agents should l>e cleaned of old oil with a solvent
such as gasoline, washed with a solution of sodium carbonate or other
alkali, and reoiled. Fabrics and lent her exposed to F8 must bo
immediately washed as piwrilx-d in pnrngrnph III, All 750-10.
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1 (IrndcH——-——-———————:.-—————————————————————— . 54
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40. General.—a. The information in this section is limited to a
general description of the several types of email-arms ammunition
used for military purposes. Many types are manufactured to the
same profile, consequently cartridges of the same caliber although
of different model may be very similar in appearance. Each type
has a characteristic marking which is described in ihis section.
Different models of the same type may bo identified by the marking
on the pncking boxes and cartons. A detailed description of each
type and model, including characteristics, means of identification.
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mm mid bundling, packing, mid innrking will be found in TM 0-1000.
b. Sninll-arins nmtnnnitinn comprises Iho ninmiinilion used in

small-arm weapons—rifles, pistols, revolver's, nnd innchinc guns in
calibers .22, .30. .45, ami .lit), nnd shotguns of 12-gago.

41. Cartridges.—tt. General.—A round of small-arms ammunition
is known as a cartridge. In general, il consists of n bullet, a pro-
pelling charge, a primer, and a cartridge raw, made into a unit as-
sembly. Figure 5 shows a typical cartridge in seel ion with the
various parts named.

6. IMJet.—Mullets for service use hnve a metal eoro which in
covered wilh a gilding melal jacket. A cannelure is generally rolled
or cut into (he jacket to provide a recess into which (he cartridge
case is crimped.

0. ProprWny charge.—There are two types of small-arms pro-
plants generally used, Hie single-base nitrocellulose typo and the
double-base ty|>c. The double-base type is a mixture of nitrocel-
lulose and nitroglycerin which burns more rapidly than the single-
Imso type. The weight of the charge and granulation of (he powder
is in accordance wilh speeificalion requirements for velocity and pres-
sure. The charge is assembled loosely in Hie carl ridge case.

d. Primer.—The primer consists of a brass or gilding metal cup
which contains a primer com|wsition |H>llct of sensitive explosive, a,
pn|M-r disk, and a brass anvil.

f. Cartridge, COM.—The cartridge case is of drnwn brass. It serves
as a means whereby Hie other components, Hie primer, the pro-
pelling clinrpe and Hie bullel, arc asKemblc<] in(o a unit, the cartridge.
Another of its functions is to seal the chnmber against tho cscajra
of gases to Hie rear when (he cartridge is fired. This action is known
as obturation. To make the cartridge waterproof, the primer is
scaled in tho primer seat and the bullet is scaled in the neck of tho
cartridge case by a thin film of lacquer or varnish at the lime of
manufacture.

42. Types.—Small-arms cartridges are classified according to
typo as follows:

a. Hall.
6. Armor-piercing.
e. Tracer.
d. Incendiary.
e. ninnk.
/. Gallery practice.

(1) Caliber .22 (present standard).
(2) Caliber .30 (now used for guard purposes only).

g. Guard.
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h. Suhrn liber.
i. High-pressure test.
/. National Match.
k. Dummy.
/. Shotgun shells.

43. Bull.—This type of cartridge, intended for uso against per-
sonncl and light materiel targets, is the most widely used of the service
tyitas. The term "ball," although no longer accurately describing the
shape of Iho modern bullet, has been continued in use to designate that
typo of bullot and ammunition used for tho same purposes as ammuni-
tion of very early design, the bullet of which wns actually a ball.
Typical ball cartridges of different calibers are shown in figure 4.

44. Armor-piercing.—This type of cartridge, intended for use
against armored aircraft, armored vehicles, concrete shelters, and
similar bullet-resist ing targets, is characterized by tho bullet, which
has an armor-picrcing.core. It is distinguished from other types of
ammunition by tho nose of tho bullet, which is painted black. A typical
armor-piercing cartridge is shown in figure 6. >

45. Tracer and incendiary.—a. Trocar.—This typo of cartridge
is intended for use with other types to show tho gunner, by its trace,
tho path of Hie bullets. It is also used for incendiary purposes. The
nose of the bullet i« painted red to correspond to the color of tire trace
to distinguish it from other types. Figures 8 and 9 show typical
rounds' of tracer ammunition.

6. Incendiary.—This ammunition in calibers ..TO and .60 resembles
tho bull or armor-piercing ammunition in outward appearance. It
may bo identified by tho light blue paint, on the lip of the bullet.

46. Blank.—Thin typo of cartridge is distinguished by tho absence
of bullets. It is used for simulated fire, training cavalry mounts, sig-
naling, and firing salutes; also in machine guns equipped with blank
firing attachments, in order to operate these weapons for instructional
purposes. For precautions in firing blank ammunition, see TM 0-1000.
Although other blank cartridges may bo found in service, only those
authorized in TM 0-1000 will be fired. Typical blank cartridges are
shown in figures 7 and 10. '•

47. Gallery practice.—a. Tho present standard ammunition for
gallery practice is the cartridge, ball, caliber .22, long rifle (fig. 4)—a
rim fire cartridge of commercial manufacture.

b. The former standard gallery-practice ammunil ion, cart ridge, gal-
lery practice, caliber .80, M1010, is now reserved for guard purposes.
It is shown in figure 4.

48. Guard.—This type of cartridge, the bullet of which has a
much lower velocity than that of service ammunition, is provided for
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guard purposes. The cartridge, guard, caliber .30, MlPOti, as cur-
rently issued in identified liy MX short corrugations just In-low the
shoulder of (he cartridge ease. It in no longer standard. Therefore
when slocks are exhausted, (his model wi l l lie siipci-srdcd hy I ho car-
tridge, guard, caliber .30. Ml.

40. Subcnliber.—This (ypn of cartridge is designed for use in
conjunction with snlicalibcr tnlics in cannon for (mining personnel in
conduct of flro. It is identified hy (ho extracting rim on (he hcnil of
tho case, instead of the usual groove.

50. High-pressure test.—This typo of cartridge in manufactured
for urn in the proof firing of small-arms weapons. Since the profi-
ling chnrgc of this ammunition is designed to develop excessive pres-
sure, these cartridges should never bo used for any other purpose, and
when used for the ptir|iose intended, all personnel should IHJ protected
by adequate cover. This ammunition is distinguished from other
types hy thn tin coaling of (hi; cartridge case. In sonio models the
word TEST" is stamped on the hendH of the cartridge cases.

51. National Hatch.—Those are manufactured each year for (ho
National Matches of that. year. The following yetir they may 1m
used in preliminary firing for such matches. The second year, and
thereafter, they are considered standard service nmmmiit.inn. Na-
tional Mntch ammunition is packed in hlne boxes in contrast to tho
usual brown and the head of each cartridge is Bfntnpcd "N. M." and
with tho year of manufacture.

5!!. Dummy.—Dummy cartridges are provided for (mining and
practice in loading and in simulated fire. Such anunnnilioti in inert.
For identification, (he cartridge case is tinned and (he primer omitted.
Earlier designs containing an inert primer are identified by holes in
tho body of tho cnrlridgo case.

53. Shotgun shells.—Shotgun shells (shot shells) of appropriate
loads in 12-gagc nrc provided for (he following purjMiscs:

a. For guard and combat use.
b. For ti apshoot ing.
<?. For hunting.
54. Grades.—Current grades of existing lots of small-arms am-

munition are established hy the Chief of Ordnance and are published
in OFSH 8-6. No lots other (ban those of current grade appropriate
for the wen POM will he fired. Grade 3 indicates unserviceable ammu-
nition which will not Ira fired.

55. Care and precautions in handling.—n. Smnll-arins nmmu-
nition is compnntlively safe to handle. However, cure must he taken
to prevent minium ilion boxes from becoming broken or damaged.
All broken boxes will bo immediately repaired and careful Attention
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given to the transfer of all markings to tho now parts of the box. The
mot a I liners should bo air tested and sealed if equipment for tho work
is available.

b. Ammunition boxes should not lie opened until tho ammunition is
required for use. Ammunition removed from airtight containers,
particularly in damp climates, is apt to corrode, thereby causing it to
become unserviceable.

o. When cartridges are taken from their original packings for load-
ing into clips or machine-gun belts, the clips or belts should be so
tagged or marked as to preserve tho ammunition lot number, thereby
preventing the ammunition from falling into grade 8 through loss of
lot number.

d. Ammunition should be carefully protected from mud, sand, dirt,
and water. If it gets wet or dirty, it should be wiped off at once.
Should light corrosion or verdigris form on cartridges, it should bo
wiped oft*. However, cartridges should not bo polished to make them
look brighter or better.

e. The use of oil or grease on cartridges is dangerous and is pro-
hibited.

/. Cartridges that, are dented, those that have loose bullets, and
those otherwise defective should not bo fired.

g. For further information, see sections I and VI and TM 0-1090.
50. Precautions In firing.—a. Because a misfire cannot imme-

diately bo distinguished from a hangfire, it is unsafe to open tho bolt
of a riflo immediately when » misfire'occurs. When tho rifle Ml,
caliber .30, fails to fire, it should be recocked by operating the trigger
guard and refired before opening the bolt

b. For other rifles, in the event of misfire, the riflo should bo re-
cocked by drawing back the cocking piece and refired before opening
the bolt.

0. Before firing, tho flrer should bo sure that tho bora of the weapon,
is free of any foreign matter such as cleaning patches, mud, sand, snow,
and tho like. To fire a weapon with any obstruction in tho bore will
damage the weapon and may'result in injury to tho fircr.

d. Ammunition should not be exposed to the direct rays of the sun
for any considerable length of time. This is likely to affect its firing
qualities seriously.

e. No small-arms ammunition will bo fired until it has been identi-
fied imsitivoly by ammunition lot number and grade as published in
tho latest revision of OFSB 8-5.

/. Any serious malfunction of ammunition must bo reported
promptly to tho ordnance officer under whoso supervision the mato-
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rial is mnintnined nnd issued. The ordnnnce, officer will report such
mnlfiinction to thn Chief of Onliinnce ns pit>vided in AU 45-80. It
is im|x>rtnnt, therefore, Hint nil evidence. 1m preserved. This includes
the cartridge, cnfle, (ho other en rl ridges from the KIIMIO box, the wenpon
concerned, nil recoverable pieces — in short, everything (lint might
throw light on the cituse, of the. mnlfimHion.

67. Packing nnd marking. — Dclniled pncking nnd ninrking reg-
nlntions nre given in TM 0-1000. The following tnble shows the,
method of pncking nnd (he ident i Tying color bund on (.he pncking boxes
for the vnrioim types of sinnll-nrms nmmnnition. Typicnl pncking
boxes nrc shown in figure 1 1.
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Ball, cal. .30........

Bull, enl. .45.........
Hall. eal. .60 ........
Itlank.cal. .30 ......
Blank, cal. .45.......
Dummy, cal. .30. ....

Dummy, cal. .45. ....
Dummy, cal. .60. ....
Guard, cal. .30....... .

Arnior-pliTrliiK, ml.
.30.

Annor-plcrclng, cal.
.60.

Tracer, cal. .30. .....
Tracer, cal. .45. ......

; Tracer, cal. .50.... .
Gallery practice, cat.

.30.
Cartridge, carbine,

cal. .30, Ml.
8nbcalll)cr, cal. .30. -

| High - pressure tre>l,
eal. .30.

J High - prewMire lest,
cal. .48.

High - prcmnrc tect,
cal. .60.

lllank, cal. .50
Hall and tracer, cal.

.30.

rrlnutrr hum)'

Hed--..- i
1

llwl. .........
Hlwe..........
Blue..........
Green..... _ ....

Green _ ........ .
Green ..........
Orange ......

Yellow.........

Yellow..........

Yellow..........
Yellow..........
Yellow. ........
Brown... ......

HwL. ...........

Yellow.........

Yellow.........

Yellow.........

Blue..... . . . . . . . . . .
Yellow, red, green

(3-«lrljK! band).

no

None. . .

None. . . .
None. . .
None....
None....

None. . . .
None....
Noun.. .

Blue....

Blue.....

Green.. __

None ....

Nonc.---

None....

None. . . .

None....

None....

Purklnc

Carl on*, 6- and 8-roimd
cll|M in cnrtona or
bandnlccra, web or
link bolta.

Carton*, link beltft.
Carton*.
Carton*.
Carton*. 5-roitnd cll|M

In en r Ion*.
Carton*.
Carton*.
Carton*, 5-rnund cll|M

In earlonx.
(!arloiM.

Cnrlonn.

Carlonn.
Cnrloun.
Cartonfl.
Cartnim.

Cartons.

Cartons.
Cartona.

•

CartotM.

Cartoiiii.

Carl OHM.
Link IwlU
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T»P«

Hull and tracer, ml.
.60.

Incendiary, cat. .30 —
Incnmllary, eat. .60...
Cartridge, rifle, gren-

ade, cal. .30, M3.

Prltntrr bod'

Yellow, red, green
(3-«trlpo (NUMl).

Yellow...........
Yellow........ ...
Two blue bamb

Boparated by
band width.

"-•tlsrr1

H«L....
Uwl.....
None. ...

PHklnc

IJnk belto.

Onrtomi.
CarloiM.

i n«n<lionlh»hc«o»bo««i(.iro»llb»r.l()«ndc»Mliff .«»mtfmnlll<in«MT»r1lriil:lKnilii Mlh*«ml«*n
hoiltonlitl. nRn<|i0aboH(ror(Mllb«r.lOuiBiirallkHimdlii|N>iMlofl(lli4(lii. Murhlnp on «HlMr .M
boiM loclud* eoter oblonti-
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A — CARTRIDGE. BALL. CAL. .22. LONG RIFLE
| _ CARTRIDGE. BALL. CAL. .45. MI9II
C— CARTRIDGE. CARBINE. CAL .30. Ml

D — CARTRIDGE. BALL. CAL. .50. M2
| — CARTRIDGE. BALL. CAL. .30. M2
t — CARTRIDGE.GUARD. CAL. .30. Ml

in<r
m*

Fimi*R4. Tyiili-nl hull rurlrlilftm.
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-PMMCR CUP
-CXtMCflNO OKXME
-mitt CMWCUK

MMCM

Fiainm B.—^cetton of bull mrlrlditft, mllbrr .00.

.,'' OJLOINO METAL JACKET-

ft* PO 4OSS

BLACK-
APPWOX..JI37

3.9 APPROXr
RAFS02II3

T.—Cartrlrixe, bbmk, cnllher .CO.

OUMNG METAL JACKET-

noun a.—Cartridm, tracer, mlllwr .BO.

RED
APPROXJ8

RA FSO 2II2A

-1.275 MAX.-
RAPD40I9

riTOM 0.—OrlrMtv, tracer, eillber .40.
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SECTION II
GRENADES

Dcmrlntlon nml clniwlflmltnn___________________________ lift
KrnRim>tilnllon ntMl offrtiHlra grctindcfl_____________________ OU
Clicmlcnl grcnndcfl_________......_____...____________ 00
Hlfle granule*————_.————_______....____.____________ 01
Training gwnndiii____—___!_________________________ 62
Cunt nml prrcniitlonn In hniiilllnc...—————.———•———————__—————_ 03
tacking nn<| marking_—__.....I.—......__..__________._ 04

58. Description and classification.—a. General.—Grenades are,
explosive or chemical missiles, intended for use at relatively short
range. Although tisunlly designed to be thrown by hand, they may
be made for use with a rifle or other type of projector. Grenades are
very effective for augmenting primary weapons such as the rifle in
trench warfare, for disjiorBmg mobs, quelling riots, etc. The grenades
thrown by hand are fitted with a delay action fuze, the delay for ex-
plosive grenades being slightly more than the average time of flight,
6 seconds; for chemical grenades, slightly less than the average time
of flight, 2 seconds. .; .',

6. Types.—There are two basic types of grenades: those designed to
be thrown by hnnd, and those designed to be projected by rifles or other
launchers, generally termed rifle grenades. Hand grenades are classi-
fied into four general types:.fragmentation grenades, offensive gre-
nades, chemical grenades, and.practice or training grenades. Rifle
grenades are classified as antitank and practice.

50. Fragmentation and .offensive grenades.—a. Fragmenta-
tion grenade*.—Fragmentation grenades contain an explosive charge
provided to bronk the body of the grenade and project fragments at
high velocity. To assist in the formation of uniform fragments the
body is serrated, horizontally and vertically. It is made of cast iron
in the shape of a large lemon, approximately 2% inches in diameter by
4% inches long (fig. 12). The standard bursting charge is 1C. C. firing
powder, which is exploded by an.igniting fuze. Fuzes for all typos of
fragmentation and practice grenades are designed to function after 6
seconds' delay. v«

b. Offensive grenade*.—Offensive grenades are made of pa]>or or
fiber container and a high explosive filler. They are used for demo-
lition of matoYicI and emplacements. They are equipped with a
detonating fuze with 5 seconds' delay. The grenade, hand; offensive,
Mk. IIIA1, representative of this type, contains approximately %
pound of pressed TNT.

60. Chemical grenades.;—Chemical grenades contain a "burning

80
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63. Care and preenutions in handling.—a. Cam.—In for inn (ion
concerning the cnre to ho exercised in bundling grcnndcs will bo found
in chnplcrs 1 nml 3 of this manual nnd in KM 23-30.

b. /'rtcmtfion*.—In addition lo the. general snfety prcmutions in
handling ammunition given in sections I mid VI, chapter 8, (ho
following will lie observed:

(1) Since fragment* may be. projrc(rd over 200 ynrds, fragmenta-
tion grenades will not. Iw used in training without adequate cover.

(2) Tho safety (rotter) pin will be removed just before throwing
nnd nt no other lime.

(8) Chemirnl grenades mny occasionally flnsh, henee, when used in
maneuvers, (her will be so (brown ns to function not. less thnn 20 feet
from |>crsoiincl.

(4) Duds will ho disposed of in accordance with the. provisions in
chapter 4.

84. Packing and marking.—<r. Packing.—The present practice
is to pnck frflgincntntion nnd chemicnl grcnndes, ns fuzed complete
rounds, ench in nil individual fiber container, 25 in n wooden packing
box. Some (racking* on hnnd, pnckeil under older standards, contnin
lOgrenndes (o (lie melnl-lined |M»X. Others contnin unfilled grenades,
25 per box.

b. Marking.—Fragmentation grenades nnd those continuing high
explosives nro pninled yellow. Chemical-filled grenades nre pnintcd
grny with Imnd nnd symbol of filler slenriled on the side. (Sec tnblo
in pnr. 88.) IVnHicc grcniidcs nrc pninlrd blue. Training grcntulcs,
inert, nro pit in ted blnck.

SECTION III
ANTITANK MINES

General.
P*riiin-*f>h
...... «J

Qfnfwlnrntlon.......... _..*»._......_..._.-».._.__.._._w_...._......._v. 06
Mine, antitank, 1IH, Ml___________________..________ «7
Mine, nntltnnk, practice, Ml..__..____________________ 68
(Jure nml precaution* In bandllng...___._________________ ftn
1'ncklng nml marking—————__...——.....——_____________ 70

05. Oeneral.—Tho nntitnnk mine is nn explosive device designed
io bo In id on the ground or planted flush with the snrfnco for defense
ngninst nrmored cars nnd tanks.

06. Classification,—At the present time (here is one model ench
of service nnd practice nntitnnk mine*, the mine, antitank, HE, Ml,
nnd the mine, nntitnnk, practice, nil, figures 13 nnd 14, respectively.

07. Mine, antitank, HE, Ml.—a. General.—This mine with prin-
cipal daU and markings is shown ns n complete round assembly in
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figure 13. The complete round consists of two components, the loaded
mine body nnd the fuze. The disassembled components nre shown in
figure 10. A scpnmble pnrt of the body which fits over the fuze to
incrcnso the effective size of its bend is known ns the spider.

b. DcKC.riplion.—Tho steel body is cylindrical, npproximntcly 2%
inches high nnd 7% inches in diameter. The flanged rim nroiind the
top is notched in two places for assembling the spider. In the center
of the top is the fiixe cavity, approximately 2 inches in dinmcter nnd
2%0 inches deep. A cnrrying ring is attached to the side of the mine.
The complete round, mine and fuze, weighs npproximntcly 10.4 pounds;
the high explosive filler, 6 pounds. The npidcr consists of a ring and
two cross memlwrs with a Jiook on ench end, riveted togetlror as shown
in figure 15. These hooka engage the flnnge on the mine body and
tho'ccntor of the spider rests on the striker head of the fuze.

o. Fiue, mine, antitank, HE, UL—This fuze (fig. 15), which con-
tains the booster as nn Integral part, is used only in the high explosive
mine. It consists essentially of a striker assembly nnd a body which
contains the primer, detonator, and booster. Tho striker assembly, on
the outer end of which is a 2-inch diameter head, protrudes approxi-
mately % inch beyond the body of the fuze. The firing mechanism,
contained within the striker nssombly, is restrained from firing when
in the armed condition (safety fork withdrawn) by the collar just
below the bend nnd two .shear pins. A force of approximately 600
pounds on the striker head is required to actuate the firing mechan-
ism. When assembled to the mine with the spider in plnco, a force of
approximately 250 pounds applied to the rim of the spider will actuate
the firing mechanism. For safety in shipping and handling, a safety
fork, attached to the striker head by a cord, is fitted over the collar
between the striker head and'the top of the fuze body. The safety
fork will not be removed except when it is intended to arm the fun.

d. Assembly (fusing and omffu/).—Tho following steps are re-'
quired to assemble the complete round:

(1) Remove the spider from the bottom of the body.
(2) Insert fuze in fuze cavity. Push the fuze down until it Intchcs.

When thus assembled the upper surfnco of the fuze body is flush with
the upper surfnco of the mine.

•

NOTR—Ilofore liiNcrthiR fuze, be mire thnt the fneo cavltr !• clour—no foreign
matter prenent

(8) Assemble spider. To assemble the spider, nline, but do not
cngngc, two of the hooks with the two notches in the flange of the
body. Engage the other two hooks over the flnnge on the body. Next
press the first two hooks through the notches, then rotate the spider
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Approximately % t'<"' i" cither direction In secure the spider to (he
body.

(4) Plnnt mine, recording its location.
(5) Withdraw safety fork, (hereby arming the fuze. The safety

fork should lie loft beside thn mine, attached to ils cord—never be-
tween I bo liody and spider.

«. I)i*a**mnl>1y (unfitging mat ilitartnhitf).—Mines inny l»e disarmed
and tnken up by reversing (lie steps in d above.

08. Mine, antitank, practice, Ml.—a. ffe.ncntl.—This mine with
principal data and markings* is shown an a complete round assembly
in figure 14. The complete round consists of two com|Minents, 1111
empty mine body (which include* (he spider), and a fuze.

b. I>«mtripthn.—These parts are similar in nppenrnncp in the cor-
res|M>nding parts of the high explosive mine except that thn Imdy has
five 1-inch holes equally spaced around the side. There are differ-
ences in color and marking which are described in paragraph 70.

(1) Fuze, mine, antitank, practice, Ml. is similar in form and oper-
ation to the fuze for the high explosive mine described above, except
that it contains a smoke-puff charge in place of the Iwoslcr element.

(2) Fnxe, dummy (antitank mine), is completely inert. It is made
of metal or plastic to simulate the service fuze and has a removable
safety fork.

(3) These fuzes arc used with the practice mine body for training
and practice.

(4) Differences in painting and mucking arc described in para-
graph 70.

e. Awmbty (fitting and arming).—Thn practice mine is assembled
in the samn manner as the mine, antitank, IIK, Ml, described in
paragraph 07.

d. /HMMtmbty vnfwshty ami ditanning.—See paragraph 670.
69. Care and precautions in handling.—In addition to (ho gen-

eral provisions of chapters I ami 3, the following will lie observed:
a. Safely fork.—The safety fork will not Ire it-moved except when

it is intended to arm (he fuze. The. fork is not removed until after
the mine has been planted. .Should the mine he taken up, the safety
fork will first bo replaced.

Caution: Care will be exercised thai no undue load is accidentally
brought to bear on the spider, especially (he rim. after the safety fork
has l«en removed. A load of approximately 250 pounds on the rim
of the spider will actuate the firing mechanism.

ft. Afinc* laid »ingly.—To prevent sympathetic, detonation of part
or all of a mine field, mines laid singly on I he ground should be 3 feel
or mow apart; if planted flush, 2 feet or more apart.
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e. Mitifn laid in multiple.—Should it Im required to lay mines in
multiple to givo a more powerful blast, the mined may be buried one
on top of another, or side by aide, planted flush, or laid on the surface.
If planted flush, adjacent mines should be in contact; if laid on the
surface, they may be as much as 18 inches apart. Such planting will
insure that all mines in lira group will detonate when any ono detonates.
To prevent sympathetic detonation of part or all of the groups in a
mine Hold, the distances given in b above should be correspondingly
increased.

70. Packing- and marking.—a. racking.—Antitank mines are
packed in a wooden box which contains five mines and five fuzes
(fig. 10). Two data cards are inclosed, ono loose and one attached
to the inside of the cover so that the instructions are viaible. The box
is made up with a set of plywood separators and two nets of grooves.
As shipped, the fuzes are placed in a fuze container which occupies
one compartment of the jbox; the five mines, with spiders nested to
the bottoms, are packed, carrying ring up, one in each of the other
five compartments. For convenience in carrying fuzed mines in the
field, the same box, but with the partitions moved to the second set
of grooves, may be used. The box with five liigh explosive mines and
fuzes weighs approximately 07 pounds. The box with five practice
mines and fuzes weighs approximately 02 pounds.

b. Marking.—(1) The mine, antitank, HE, Ml, is painted yellow
with marking in black. The mine, antitank, practice, Ml, is (minted
blue with marking in white. The marking on the head of both types
includes—

(a) Typo and model of mine.
(ft) Lot number. ,
(c) Manufacturer's initials or symbol. .
(d) Date loaded. , • .
(2) The striker head of the fuze, mine, antitank, HE, Ml, is painted

yellow, that of the fuze, antitank, practice, Ml, red. Doth are marked
in black on the side with—• •

(a) Designation of fuze. ' s
(b) Loader's lot number.
(a) Loader's initials.
(d) Date loaded.
(3) The end cleats of boxes containing practice mines are painted

blue and in addition there is a 8-inch bine band around the middle.
Boxes for high explosive mines are unpainted. Representative mark-
ings on the box are shown in figure 16. For further information see
chapters 1 and 8.
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RA PO 4037
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SKCTION IV
MORTAR AMMUNITION

Owieml..............._...... . . . . . . . . . . . . . . . . ..."._.'71
(IniwInVnllon........_...........__.... . . . . . . . . . . . . . . . . . . . . . . ... . .... — 72
l)oHcrl|Ml<m——._.-_.----—.... . . . . . . . . . . . ............... . -•-_. .————— 7!l
dim anil itrimiilliiiui In linnilllniE ...... —. ....... .....—.........———— 74
Parking ami mnrkln*-..———.. ——.———........——..———————— 75

71. General.—Mortar ammunition (fig. 17) IM designed for tiring
from smooth-bore cannon at high angle* of lire and at ranges less
than those of field artillery. Such weapons and ammunition arc par-
ticularly effective in stabilized trench warfare, hence have lieen com-
monly known as trench mortars and trench mortar ammunition. In
the ammunition of early design, the projectile, not being stabilized,
tumbled in flight. To meet requirements for greater range and accu-
racy, recently designed projectiles are stabilized by fins. To provide
for high angle fire at various ranges (zones of fire), the propelling
charge, which is attached to the Imse of the projectile, is divided into
parts, consisting of an ignition cartridge and the required number of
propellent increments. In earlier design the ignition cartridge con-
sisted of a primed shotgun shell containing a charge of propelling
powder. As currently manufactured, the ignition cartridge and
primer are separate elements, the primer lieing designed to screw into
the cartridge container (Imse end of the projectile) after the ignition
cartridge has been inserted. Hccnusc it is designed for loading into
the mortar as a unit and contains provisions for adjusting the pro-
pelling charge, mortar ammunition is classified as semifixed ammuni-
tion. The 8-inch mortar and its ammunition are limited standard.

72. Classification.—According to the purpose for which it is in-
tended, mortar ammunition is classified as high explosive, chemical,
practice, or training.

a. High explosive shell are used for fragmentation .or demolition
effect according to the action of the fuze.

6. The chemical fillers currently authorized for use only in 81-mm
mortar ammunition are smoke and gas. There is no chemical filler
authorized forOO-mm mortar ammunition.

e. Practice shell may have a spotting charge or lie inert.
rf. Training projectiles are provided for training and practice.

They arc inert and arc designed to lie fired more than once. Several
propelling charges arc supplied with each projectile.

73. Description.—a. (Jfttrrat.—Two general types of ammunition
are authorized for use in the Rl-mm mortar and !Mnch trench mortar.
That originally designed for (he 3-inch trench mortar is limited
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standard and is commonly known as 3-inch trench mortar ammunition
to distinguish it from the ammunition designed originally for the
81-mm mortar. Under certain restrictions as to use of tho full pro-
pelling charge (see Mow), both tyjHss of ammunition may bo used in
either weapon. The 81-mm mortar ammunition ia issued as fuzed
complete rounds with full (outer zone) profiling charge, whereas
the 3-inch trench mortar ammunition is issued an unassembled com-
plete rounds which must be assembled prior to firing. The flO-nim
mortar ammunition is issued as fuzed complete rounds, similar to
the 81-mm mortar ammunition.

b. 81-mm mortar ammunition.—Because of its stabilizing fins, this
ammunition (fig. 17), even though fired from a smooth-bore mortar,
is stable in flight and strikes nose first. A point-detonating type of
fuze is fitted to the nose of the shell. The propelling charge, consist-
ing of an ignition cartridge and propellent increments, is attached
to the base end of the projectile. The increments are removable to
provide for zone firing. When fired in the mortar, trench, 3-inch,
Mk. IA2, the full (outer zone) propelling charge will be reduced as
prcscrilwd in the firing table.

o. 3-inch trench mortar ammunition.—This ammunition, which is
limited standard (fig. 17), has no stabilizing fins, and because it is
fired in a smooth-bore mortar which imparts no rotation to the pro-
jectile, is unstable in flight and may strike the target in any position—
nose first, base first, or on its side. Hence it requires a fuze which
will function regardless of the position of tho projectile at the in-
stant of impact. Such a fuze, known as the "Allwnys," is provided
for assembly to the nose of tho shell. The propelling charge, con-
sisting of an ignition cartridge and propellent increments in the
form of powder rings, must be attached to tho bam of the projectile
prior to firing. The full (outer zone) propelling charge of this
ammunition may bo used when fired either in tho mortar, 81-mm, Ml,
or mortar, trench, 3-inch, Mk. IA2.

rf. 60-mm mortar ammunition.—Except for size, this ammunition is
of the snmn general design as the 81-mm mortar ammunition. A
typical round is shown in figure 17.

74. Care and precautions in handling1.—Cleneral precautions
given in chapters 1 and 8 will be observed. In addition the following
will he complied with:

a. Complete rounds, being fuzed, will bo handled with due care at
all times. The explosive elements in primers and fuzes are particu-
larly sensitive to shock and high temperature.

6. Just before firing and at no other time, the safety (cotter) pin
will bo withdrawn from the fuze.
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a. When firing, (ho round is inserted into the mortar, cartridge end
first. When thn shell is released to slide down tho barrel, the hands
should In; promptly removed from the muzzle.

d. Duds should not Iw handled or moved. They should Ira destroyed
as described in chapter 4.

75. Packing and marking:.—a. Packing.—Ammunition of cur-
rent design for 00-inin and 81-mm mortars is packed as assembled
complete rounds, eur.li in an individual fiber container and these, in
turn, in bundle packings; 18 rounds of 00-mm shell |>er bundle, and 8
or 0 rounds of 81-mm shell, depending upon the weight. Ammunition
of earlier design for 3-inch trench mortars is packed as unassembled*
complete rounds, 8 per box, with one extra profiling charge.

b. Marking.—In addition to the painting which identifies the am*
munition as to type, the following information is stenciled on the
projectiles: . •

(1) Caliber and typo 'of mortar in which fired.
(2) Kind of filler. '
(B) Model of shell.
(4) Ammunition lot number.
a. Further information will bo found in chapters 1 and 8 and in

FM 23-86 and 23-00.
SECTION V

AHTILLEUY AMMUNITION
Ornornl.

ritrfiKr*pli
...... 78

Olnmlflmllon —— ___._ —— _ .._ _ —— _—_._. _ _- _ _ ___ _ _____ - __ TT
Identlflmllnn...... —— ———— .. ———————————————————— . —— _ 78
I'rfljratllMi..-- __________ — ______ — ___________ - ___ 79
Ktir.pu —— „ —————————— »»_*Ja»..k.._. ————— . ————— . —————— _ 80
Adnptcni ami bnontera —————— _— -* ——————————————————————— 81
Propnlllnft clmrges —— . —— , —— ,. —— .. ———— .. —— , ——— _.*..... —— . 83
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iKiiftera _ ..... —— ........ —— . ———————————— ...... —— .. ———— 84
lllnnk niitniniilllon ———————————— . —— . ———————————— —————— 88
Cnrn mid |irpcn»itlon« In ImndllnKj ———————————————————————— 88
Pnrklnif nnd mnrklng- ——————— . —————————————— —————— 87

76. General.— a. Complete found. — The term "artillery ammuni-
tion" includes ammunition used in cannon of all calibers. It. includes
complete rounds and components thereof. Tho complete round com-
prises all of the components necessary to fire tho cannon once. These
components aro, in general, the fuzed projectile, tho propelling charge,
and the primer. Depending upon both the typo of propelling charge
and the method of loading into the cannon, complete rounds of artil-
lery nminnniUon are known as fixed, semifixed, or separate loading.
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b. Ftxrd ammunition.—Complete rounds in which thn propelling
charge is fixed, (linl. in, not adjustable, nn<l which are. londed into the
cannon ns n nnit, nrc known ns "fixed" ammunition (tig. 18). As
usually designed, (he propelling charge is assembled loosely in the
cartridgecase, which is crimped rigidly to (he projectile. The primer
is fitted in the hnsc of the cartridge case.

c. SfmijtsMd ammunition.—Complete rounds in which provision is
mndo for adjusting the propelling charge to the zone, to lie fired and
which, like fixed nmmnnilion, nre londed into the rniinon ns n unit,
nro known ns semifixed ninmnnition (lip. 18). In (he usual design of
this type of ammunition, the propelling charge is divided into pnrts
known ns increments. Kiich mich pnrt of the charge is assembled in a
bug. The full charge is assembled in the cartridge ruse in thn hnsn of
which is the primer. The neck of the cartridge cnse is ft free fit over
the base of the projectile, hence, when it is necessary to adjust the
propelling charge, the projectile is readily lifted from the cnrtridgo
case. After the unnceessnry increments have lieen removed, the pro-
jectile is reassembled to the cartridge cnse and the round is londcd
into the cannon ns in the cnso of fixed ammunition.

d. Separate loading ammunition.—Complete rounds in which the
separate components—projectile, profiling charge, and primer—are
londed into the cannon separately nrc known ns "separate loading"
ninmnnition (fig. IR). Although the propelling chnrge may IK- in one
section, it is usually divided into parts with each part assembled in a
bag. While rather uncommon in our service, the propelling charge
may be contained in n cartridge cnse instead of hug. but in such in-
stance the cartridge cnse is not filled to the projectile, hut is londcd
into the cannon separately.

77. Classification.—Artillery ammunition is classified according
to use as service, practice, blank, or drill. It is also classified accord-
ing to filler as explosive, chemical, or inert.

a. Service ammunition is that which is fired for effect It may bo
high explosive or armor-piercing (shell), low explosive (shrapnel),
chemical (gas or smoke), or inert (cnnister and smaller cnlibcr of
armor-piercing shot).

b. Practice ammunition has a profiling charge but the projectile
may contain a low explosive spotting charge or may l>e inert,

c. Hlnnk ammunition is provided in small and medium calibers for
such pnr|mscs as saluting and simulated lire. It contains no projec-
tile.

d. Drill nmmnnilion is provided for practice in loading nnd han-
dling. It. is inert,

78. Identification.—In common with other types, artillery am-
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munition is identified by painting, marking, nnd the accompanying
ammunition dnta card. Further information will be found in para-
graphs 7 and 87.

70. Projectiles.—a. {Jf.Mral.~-AI though differing in character-
istic details, all artillery projectiles are of the same general shape,
that is, they have a cylindrical body and an ogival head. The princi-
pal characteristic differences are—

(1) Location of fuzes—point or base.
(2) Radius of ogive—smaller for low, larger for high velocity

projectiles, . •
(3) Rotating band—narrow for low, wide for high velocity.
(4) IJnse—"boat-tailed" or "square base."
(8) Armor-piercing cnp—used only with armor-piercing projec-

tiles. .<
(0) Windshield or false ogive—where required for improved bal-

listics, i
b. Componcntti.—A projectile with principal parts named \n shown

in figure 20. Those parts are described below.
(1) Ogwe.—The curved portion of the projectile from the bour-

relet to the point is called the ogive. The radius of the ogive is gen-
erally expressed in calibers, a caliber being the diameter of the bore
of the gun. The radius of the ogive influences the flight of the pro-
jcctile and in present designs generally varies from 6 to 11 calibers'
radius. . -

(2) Rourretet.—The boiirrelet is the accurately machined part, of
slightly larger diameter, at the forward end of the body, which bears
on the lands of the bore. The clearance between the diameter of the •
bourrelct and the bore diameter of a new cannon varies with the cali-
ber from 0.005 inch for a 37-mnv projectile to 0.020 inch for a 16-inch
projectile. . •: ; .

.(8) Body.—While applicable to the entire projectile, the term body
is used to designate the cylindrical portion of the projectile between
the bourrolt't and the rotating band. It is machined to a smaller diam-
eter than the bourrclet to reduce the surface in contact with the lands-
of the bore. Only the bourrelet and rotating band bear on the lands.

(4) Rotating band.—The rotating band is a cylindrical ring of
copper or gilding metal, pressed into a groove near the base of the
projectile. As tlie projectile moves forward in the bore, the rotating
band is engraved by the rifling, and causes the rotation of the projectile
necessary to maintain stability in flight In addition, by completely
filling the grooves, the band prevents the escape of gases past the
projectile.

(5) "Square base" and "boat-tailed."—When the surface to the rear
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(4) Depending upon the mrchnnisni of nrming, rerlnin fuzes are
considered "hnrn-snfo," Mint in, Hie explosive (ruin is so interrupted
Hint, even if the more sensitive elements should function prematurely,
the projectile cnnnot explode until after it lenves the muzzle of the
cannon.

e. Arming.—In general, nil artillery fuzes are in nn unarmed con-
dition prior to firing although in a strict sense, time fuzes ire always
armed despite the mechnnicnt restraint which prevents initiation of
time notion. Fuzes of the impact ly|)e are nsunlly armed by centrif-
ugal force acting on parts of the fuze after the projectile leaves the
muzzle. The lime element of time fuzes is initialed nt the instant
of firing liy "sel-lmck" (see app. I). To prevent nccidnnt.nl arming
during hnndling and shipping, safely devices such as n safety wire
or colter pin are used when required. Such safety devices are to be
removed prior to firing.

81. Adnpterg and boosters.—a. Adapter*.—An ndnpter is a steel
bushing fitted to the nosn of a shell anil Ihrended to receive the fuze.

b. ttoontf.rn.—The term "booster" is applied to one of the explosive
elements in the bursting chnrge explosive train. It consists essentially
of the booster explosive- in a melnl rase. In some designs the booster
is a part of the shell loading assembly, in others it is assembled to the
fuze ass!iip|>ed. Tetryl is the most commonly used booster'explosive.
The corres|)»ndiiig explosive element in chemical shell which o]iens the
shell and disjierses Hie chemical agent is railed a "burster."

c. Adnpier-bnonttn.—When a tunisler is assembled to nn adapter, the
combination is known as an adnpler-hnosler. In genenil, adapters nnd
boosters are cotn|M>nen!s assembled in the shell or fuze nt the. lime of
manufacture and arc not shipped separately for assembly in the field.

82. Propelling charges.—a. (Jrmral.—In general, propelling
charges (figs. 18 and 82) consist of a chnrge of smokeless (NH or
FNH) jiowder, with an igniter charge of black powder, assembled in
n suitable container. The. powders used as propellnnts are described
in section III, chapter I. The mil nre of (he contniner depends upon
the design of the ammunition. In the rase of smnll-nrms and fixed
ammunition, the cartridge case, rrim|>rd rigidly to the bullet or projec-
tile, serves as the container for the charge, which is nssemblcd loosely
therein. In semifixed artillery nmmunition, (he chnrge, being divided
into pnrls or increments for zone firing, is nssemblcd with each incre-
ment in a ctolh bug. The full chnrge. with nil increments in proper
order, is assembled in the cnrtridge cnse which, for this kind of nm-
munition, IR a free fit. over the end of the projectile. In semifixed
mortar ammunition, the increments, consisting of bundles of sheet
powder, are nested between the blades of the fins. The ignition
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cartridge contains the igniter charge. In small-arms ammunition, the
fire from the primer is adequate to ignite properly the small grains
of the propelInnt, hence an igniter is not required. In fixed and semi-
fixed nmmunition, tho igniter charge of hlncJc powder is contained in
Iho outer end of the artillery primer which is fitted into the base of the
cartridge case. In separate loading ammunition the propcllant nnd
tho igniter are assembled in cloth bags. Depending upon the design
of such charges, they are known as single section or multisection
charges (fig. 82). Multisection charges are subdivided into "base and
Increment," "equal section," and "unequal section" types. Separate
loading profiling charges, which are shipped and stored in cartridge
storage cases (fig. 80), are further described below.

b. Single neetion charge<~-ln this type of chnrge (fig. 82), tho pro-
pellent |Miwder is contained in a single bag, tightly laced to give the
charge rigidity. The igniting charge is divided into three parts, each
in its own bag—two end pads and a core which extends axially through
the center of the charge and connects the igniter pads sewed to
each end.

o. Htue and increment charge.—Charges of this typo (fig. 82) have
a base section and one or more increments. Tho increments may be
of equal or unequal weights, but usually weigh less than the base sec-
tion. With some types, one igniter pad is attached to tho base end
of the base- section only, while other types have a core igniter running
through the. center of the base and each increment, with an igniter
pnd at tho base end of tho base section. Others have, in the base sec-
tion only, a core igniter connecting an igniter pad on each end.

d. Equal icotion charge.—This type of charge (fig. 82) is also
known as an "aliquot part'charge." As the name implies, these
charges are divided into a given number of equal sections. In those
designs in which the igniter pad is separate, tying straps are provided
for attaching the igniter to the propellent charge. In other designs
tho igniting charge is divided into parts, having an igniter pad at the
base end of each section. In other types there is a longitudinal core
igniter connecting with an igniter pad on each end of each section.

0. Dummy charge.—Dummy charges, simulating service charges,
are provided for use with drill projectiles for tho purpose of training
personnel in Hie service of the piece.

/. Cartridge bag*.—Silk has been found to bo (he most satisfactory
material for cartridge bags, although wool, mohair, or cotton may
serve as n substitute for lower grades of silk.

g. Color.—(1) In cases where two types of propelling charges are
designed for ono cannon—one for inner, the other for outer zones of
fire—the cloth of tho bags for the inner tone is dyed green to distin-

I
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guish thnt chnrgo from the other typo which is ii.ssemlilcd in itndycd
(white) lings.

(2) lings of current mnnufncture used for the igniter chnrgc nrc
dyed ml to indicate thn presence of the hlnck powder igniter. Thoso
»f enrlier mnnufnclurc (undycd) are mnrkcd "HINITKU."

83. Cnnnon primers.—it. (fencrnl.—A cnnnon primer, commonly
called a "primer," is tin* component used to inilinte, (he ignition of the
proficiling chnrgc. Although made in vnrious forms, it consists es-
sentially of a Hiunll quantity of sensitive explosive nnd n larger quan-
tity of black powder, encased in a metal contniner. The method of
firing (ho sensitive explosive element nnd the. quantity of hlnck pow-
der used dejH-nd upon the design of the propelling charge (fig. 85).
In (ho case of fixed nnd Rcmilixed nmmmiition. the primer (fig. IK)
is in the form of a tube having a slightly enlarged head which is forced
into the base of the cartridge case. In the cnse of separate loading
nmmmiition, the primer is designed for insertion into the. breechblock
and ifl fired by percussion, f rid ion, or nn elect ric current. Based on
the method of firing, cannon primers ore classed as—

Percussion.
Friction.
Electric.
Combination percussion -elect ric.
Igniting.

ft. /VrawiVw primer.—This type of primer (fig. 30), designed to
be fired by n blow of the firing pin, is generally used with nil nrlillery
Ammunition except Ihnt for hnrhor defense nnd rnilwny nrlillery.
The primers used in cartridge cnses contain Hiiflldent. hlnck powder to
ignite projicrly (he smokeless powder in the cartridge, cnse. Those
used with separate loading profiling chnrges contain only enough
black powder to ignite the black powder igniter nlInched to the pro-
polling charge.

9, Friction primer.—This type of primer (fig. 30) is fired by the
heat generated when a serrated plug is pulled through nn explosive
composition sensitive to heat or friction. At the present time it. in
used tat a substitute for the electric primer in the event of fnilure of
electric power.

d. Electric primer.—This type of primer (fig. 30) is fired by the
heat generated when nn electric current pnsses through a resistance
wire embedded in n sensitive explosive composition. It is used only
in harbor dnfense. and rnilwny nrtillery. Although both I ho friction
and electric primers nrc wry similnr, thn electric primer is distin-
guished by blnck iusulntioii nrouud the wire.

e. Combination percussion-electric primer.—This primer (fig. 30)
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is designed to bo fired either electrically or by a blow of the firing pin.
It is used only in certain harbor defense and railway nrtillery.

/. It/nit ing primer.—This typo of primer, although very similar to
the percussion type, differs therefrom in that it contnins an inert cap
with a holo in it, in lieu of the percussion element. It in intended for
IIKO in certain subcaliber ammunition which is designed to be fired by a
service primer. The flame from the service primer pnsses through the
holo in the cap of the igniting primer, thus igniting the blnck |wwder
chnrgo in tho igniting primer.

84. Igniters.—In the propelling charge explosive train, the
igniter is tho explosive (black powder) which intensifies tho spit from
the primer composition to the end that the propellent (xrodcr is
ignited pro|>erly. Tho term "igniter1* is more commonly. used in
referring to tho igniter charge in the form of "pads" or "cores" at-
tached to, or used with, separate loading propelling charges. Tho
bngs of such pads or cores of later manufacture are made of red
cloth to distinguish them from the bngs containing the propellent
powder. (See figs. 33 and 34 and par. 82.) Prior to packing in
a< cartridge storage cnse, a cloth .or paper "igniter protector cap" is
placed over tho igniter ends of separate loading propelling charges
for protection during shipment and storage. Igniter protector caps
must bo removed prior to loading the charge into tho cannon.

85. Blank ammunition*—a. General.—Blank ammunition is pro-
vided for cannon of cnlibcf up to and including 105 mm, for practice
purposes, for maneuvers, for firing the morning and evening gun, and
for saluting. The regulations governing use of blank ammunition
may bo found in All 210-10, AR 000-25, Alt 000-30, and section II,
Circular No. 218, War Department, 1041.

b. Complete round.—The complete round of blank ammunition con-
sists of a cnrtridge cnse with primer, a charge of blnck powder, a
felt wad, and a closing cup sealed in tho mouth of tho case. The
cartridge case is usually made by trimming tho service cartridge case
to a suitable length. A typical round of blank ammunition is illus-
trated in figure 37.

86. Care and precautions In handling.—a. In addition to the
precautions prescribed in chapter 8, the following will be observed:

b. Ammunition, especially the rotating hands and cartridge cases,
will IN* protected from such damage as would affect their serviceability.
A dnmnged rotntiug bnnd will affect tho flight characteristics of tho
projectile; n dented cnrtridge case may jam in the chnmber.

o. The Ron Is of nirtight containers will not he broken until tho
ammunition is to 1m used, except as required for inspection.

d. Components containing sensitive explosives such as fur.cs,
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SECTION VI
BOMBS
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88. General.—«. Bombs are missiles designed for release from
airplanes. For reasons of safety they are usually stored and shipped
as separate components. For use in the field they are issued as
unassembled complete rounds which must be assembled prior to use.
(See also par. 98 and ch. 8.) While the components of bombs differ,
depending on the particular type and model, in general they consist
of—

(1) The unfuzed bomb, with or without fin assembly.
(2) The fuze or fuzes.
(3) The fin assembly (for smaller bombs, assembled (o bomb as

shipped).
(4) The arming wire assembly.

These components for a complete round demolition bomb are shown
in figure 45.

b. Bomb* nro ins!tilled in airplnncs by menus of suspension Ings
on the side or tail of the bomb. Bombs of 100 pounds and heavier
hnvo two suspension lugs on the side of the body arranged for hori-
zon tn I suspension of the bomb. Smnllor liombs hnvo one lug on the
side and another on the tail end, thereby permitting the bomb to '
be installed cither in a horizontal or vertical bomb rack.

0. The functioning of bombs is dependent primarily upon the
action of the fuze fitted thereto—siiperquick, delay, or time. The
terms snperquick and delay are used in reference to the action at
the instant of impact, whereas time refers to time after release.

rf. Bomb fuzes are prevented from arming or functioning by menus
of an arming wire which is normally removed by the bomb's release
from the airptnne. When it is necessary to remove the arming wire
to unfuze a bomb, instructions attached to the fuze will be carefully
followed. Provision is made for releasing the bomb from the air-
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pliute without removing the arming wire from (In- fnxr when H is
desired I lint (In- liuiiili should tiniil \villuiiil functioning.

<?. A brief description of (In- several ly|»es "f |MMII|»S is included in
thn following pn en (rin pi is-. For complele details of (he various tyjies
and models, SIM- TM « IIWO.

89. Classification and identiflcatlon.—n. Depending upon tho
kiitd of (liter, homlts mny tie classified according to purpose as demo-
lition, fragmentation, or practice. I'rnrlice bombs are. provided for
(mining and marksmanship; (hey mny have a low explosive spotting
charge or (hey may he inert. Drill bombs, which nre. inert, provide,
for (mining and assembling (fuzing) and handling (ho complete
round.

b. llotnlm, in common with other types of amnmnition, are identi-
fied by (ho painting, marking, and the aecompnnying ammunition
data eard. With one exception, (he same basic color scheme which
identifies all iimmnuilion as lo kind of tiller (pnr. R) in used
for homlis. The mnrking on (he homh identities R us to type, weight,
model, tiller, hit number, loading plan(. and dnte londed. lleprc-
sentnlive nun-kings are shown in (inures <I7 mid <IR.

90. Demolition bombs.—n. These, bombs are designed for the de-
struction or demolition of materiel targets, the destructive clfect
being produced chiefly by the violence of (he delonntion, although
fragments may cause additional dnmnge, particularly when (ho deto-
nation occurs above ground. The walls of such bombs are relatively
thin and the explosive filler is almost 50 pcivciil of the total weight
of the bomb. A blast effect is obtained by using a fuze designed for
Pii|>erf|iiick action; a mining effect, by a delny action fuze. Standard
demolition bombs are made in sizes ranging from 100 to 4,000 pounds
and are designed to use both nose and tail fuze (fig. 43). Except for
(he lOO-|Minnd size, (he fins are, ship|>ed separately (fig. 47). Tho
bodies of demolition bombs of current, design are cylindrical; those
of earlier design were streamlined. Figure 44 shows a typical demo-
lition bomb as a complete round; figure 45 shows the bomb as ship|>ed
but with packings removed; figure 4(5 shows the packing crate.

b. General purj>oso bombs arc demolition bombs modified for use
by all arms and services.

01. Armor-piercing bombs.—Tin-so are designed for piercing
tho armor of warship and other similarly armored targets and con-
crete pro(ec(ive largets. Tliey are of heavier construction than
demolition bombs ami contain a relatively smaller |M>irentagc of
explosive filler. They are designed for (nil fuzes of (be time delay
typo.
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92. Fragmentation bombs.—a. Fragmentation bombs are 'de-
signed for use against personnel and • light materiel targets such as
motor transport and airplanes, the principal destructive effect being
produced by fragments of the bomb body projected at high velocity,
(ho fragments weighing 0.2 to 0.3 ounces cadi. Bombs weighing 20
lo 80 (Miunds and having relatively thick walls produce the most effec-
tive fragments. The explosive filler weighs approximately 15 percent
of (he total weight of the bomb. Tail fins are used to stabilize the
flight of all bombs except those used for special purposes such MS low
altitude bombing, in which case a parachute is used to retard tlte •
flight of the bomb until the airplane has cleared the danger area.
Fragmentation bombs are designed for nose fuze only. Fragmenta-
tion boml>s are packed MS unassembled complete rounds in wooden
boxes, metal crates, or bundle packings. Typical fragmentation bombs
are shown in figure 48.

6. Small fragmentation and incendiary Ixmilw arc assembled in
clusters (fig. 40) for more effective use and for ease in handling and
dropping. Cluster adapters support the individual bombs and in turn
arc bung on tho large size bomb racks. The cluster is dropped from
I lie airplane as a unit. The arming wire acts to release the bombs
from tho adapter, either by mechanical menus directly or by firing a
cartridge which causes their release.

93. Chemical bombs.—Bombs containing chemical agents which
produce, a toxic or an irritating physiological effect, a screening smoke,
nn incendiary action, or any combination of these, are termed chemical
bombs. Thoy nre known as gns, smoke, or incendiary, depending
UJMHI the principal effect. Hie force necessary to open the bomb body
and pro]>crly disperse the chemical agent is provided by an explosive
element called a burster. As the body need servo only as a container
for the chemical agent, the walls are very thin and the proportion of
filler to total weight is very large. Chemical bombs are authorized
in 4-, 80-, and 100-pound sizes. Fuze action is Biipcrquick to prevent
tho waste of any of the charge by its being carried underground.
Chemical bombs are packed finned, but, without fuze and burster, in
wooden boxes. A typical chemical bomb is shown in figure 60.

94. Practice bombs.—Practice bombs are provided for training
in marksmanship. • Thoy may bo sand loaded at point of use and' they
may contain a low explosive spotting charge which for some uses, such
as against water targets, may be omitted. Such bombs are designed
to simulate corresponding service Immbs of the fragmentation and de-
molition types. A typical practice bomb, one which simulates the
demolition type, is shown in figure 51.
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05. Drill bombs.—Drill bombs nrc provided for training in assem-
bling (fuzing) and hnndliiifr ofierationH. They are. the snine size and
slinpc as Ktnndnrd dcmolilion bombs, rimming in weight from 100 lo
2,000 pounds. All com|Hincnls arc inert.

08. Fuzes.—a. 7'y/w*.—Hoinh fuxw tire classified according Co
method of arming as—

(1) Arming-vnne type.
(2) Arming-vane type with tiipcliniiicnl delay.
(8) Arming-pin ty|»c.
(4) Arming-pin type, with lime delay.
(6) Time. •
b. Location.—Any of (hem types may he designed for use in (tie

nose or the (nil of the bomb.
97. Oare and precautions in handling.—Uondw and components

will be handled as specified in chapter 3. In addition, the following
will be observed:

a. Primers and detonators will be handled with the greatest care
at all times. Special care will be taken to see that primer-detonator
and fuze cavities are. free from all foreign material prior to assem-
bling these components to a bomb.

b. Prior to assembling and handling service fannlm, personnel
should be trained in such drill and practice with drill bombs and inert
components as will insure safe and proper assembly.

e. Due care will be exercised to we thai the. section of arming wire
protruding beyond the fuze is smooth and straight, as kinks or burs
may cause a hung bomb.

08. Packing- and marking.—fl. racking.—(I) All bombs are
shipped and stored unfiizcd. The nose and tail fuze openings are
closed with shipping plugs which will not be removed except when the
bomb is being inspected or the complete round is being assembled.

(2) In general, bombs weighing 100 pounds or less are shipped
as an unassembled complete round in one package. Months weigh-
ing 800 pounds or more are shipped in two packages; one, the loaded
bomb body with shipping hands, (he other containing the fin assembly
and other components required for the round.

b. Marking.—(1) Wherever appropriate, the color scheme used for
painting the bombs described in paragraphs 8 and 80 is used on the
packing boxes or crates. All information for identification and direc-
tions for shipping are marked on containers for bombs and compon-
ents and on the bomb bodies when no container is used.

(2) A list of all separate components required for the complete
round is stenciled on the shipping container in which these com-
ponents are ordinarily packed. It is usual, however, to store these
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components separately and, when such is the case, the word WITH-
OUT is stenciled above the list of components on the shipping con-
tainer. When the separate components are packed with their respec-
tive bomb or fin assembly for shipment, the word WITHOUT in
painted out and a card, listing the component* as packed, is inserted
in the accessory tray, lybc, or box.
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r*rnftni|iti
<|pnor«l _..... — ... — ..... __ ._ ____ .. ......... ..._.. _ ... __ ...... _ Ml
Cliixalllrnlliiii ___ .. . . . . . . ... ___ .............. _ ... . _ ....... ........... _ .... 100
I'jrrwIci'linliT w«i|inNllloiiH_.... __ ... . _ ... .. ........... _ _ __ .. _ ____ 101
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Alrernfl *|KIIH|H ——— .... — .. —————— . —— -_- . .__ —— —— .... ——— ..... 105
Drift RlRimln. __ - _ ... ___ . _ - ___ . __ - ___ --.-.. _ .... __ .. _ 106
Oroiiml filRiiflln ——————————————————————— •_ ——————————— 107
Very riRiMl llRhl* —— ———————————————————— .- — - ————— 108
Cnre mid prwiwtlmm In ImiHllliiR ——— . ——————————————————— 100
Pncklng and marking. ——— ——————————————————————————— llO

00. General. — Military pyrotechnics (fig. 62) are designed to
produce a brilliant light for purposes of ilium illation, or colored lights
or smokes for signaling. Some types are projected from, or used on,
the ground ; others are released or projected from airplanes.

100. Classification. — a. According to use, pyrotechnics may bo
classified as — • •

(Jroiind — for use from the ground.
Aircraft — for use from aircraft.

6. A further grouping according to purpose is —
Signals or lights — for signaling.
Kin ITS or photoflash bombs — for illumination.

c. Any.of the nbovo types, when provided with a parachute, is known
as a parachute type.

101. Pyrotechnic compositions. — a. A pyrotechnic Composition
is a physical mixture of chemical elements and compounds which pro-
duces illiiminntion ranging from the "dark fire" used as elements of
blinker signals to the brilliant flash used in night photography.

b. Pyrotechnics generally function by means of an igniter train
analogous to the explosive train. It is initiated by a primer mixture,
intensified by a "first-fire compound" which properly ignites the
luminous candle.

0. Standard pyrotechnic composition, in general, consists of chlo-
rates to provide oxygen for burning; aluminum or magnesium for fuel ;
barium, copper, and strontium salts for color; and a binding and
waterproofing agent such as asphalt or paraffin.

102. Visibility of pyrotechnic signals.— While the distance at
which pyrotechnic signals are visible and distinguishable varies with
candlepower, color, and weather conditions, the following data may
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perve us n basis for nap. Probable distances nt which signals are dis-
tinguishable under nverngo weather conditions:

Trixofitfiul

White lUr paracliulc.
RodsUr elimtcr... . . .
Red »t«r paraelmtr...
Red chain pnracliute..

.\Hfinlnwlr

35,000
18, 000
10.000
1,500

I My

2.6

0.0

NNtht

7 to 10

Th» vMMIItr of colonNotl.-fllf mth imr U rhlbfc, tat tint HWImtiiWwM*. M Wf*l»r tlhUnw.
ln«l*ir*lrli*pnr<Hlii»t*l7MMIo«i: «rara. I; whin., I.I; umln-r, 1.4; ml. II.

103. Flares. — a. General. — Flares (fig. 52) arc used for illumina-
tion of terrain during night operations involving reconnaissance, bom-
bardment, photography, and landing.

b. Reconnaissance flare. — The flare, aircraft, parachute, M9, shown
in figure 65, was developed to satisfy the requirement for a small
parachute flare for reconnaissance work. It is fired from the pistol,
pyrotechnic, M2, and functions approximately 2</2 seconds after
firing. The candle burns for one minute, producing a light of 60,000
candlepowcr.

e. Night bombing fmv*. — (1) The flare, aircraft, parachute, M24,
shown in figure 58, is used for night bombing. It is a parachute type
provided with shado to protect, the Iwtinbardier from thi» glare of tlie
burning candlo. The caudln hums for .T/2 minutes, producing a
yellowish light of 800,000 cnndle|)ower. The flnrc is designed for
installation in standard horizontal homh racks, ami may be released
either "armed" or "safe." If released "safe," the flare may function
on impact. When released "armed," the flare becomes fully ignited
6 seconds after release.

(2) The flare, aircraft, parachute, M'20, shown in figure 50, is sta-
bilized with fins and fitted with a mechanical time fuze adjustable
for settings from 15 to 00 seconds. It is designed to function at a
predetermined time after release, depending upon the setting of the
time fuze. Functioning of the fuze projects the candle, shade, and
parachute from the rase. The candle ignites when the parachute
opens, and bums for 9% minutes, producing approximately 800,000
candlepowcr. It contains an asbestos shade which supjwrts the flnre
mid shields the bombardier from the glare. It is designed for night
bombardment and may be installed only in 11 horizoutnl rack in the
airplane. It may lie released either "armed" or "safe"; if released

, "safe," the flare may function on impact.
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d. Emergency landing flare.—The flare, aircraft, parachute, M8A1,
shown in figure 68, is intended for use in emergency landing. The
flare furnishes a yellowish-white light of approximately 850,000 can-
dlepower, and burns for approximately 8 minutes. It is designed for
installation in either a vertical or horizontal rack in the airplane, and
may bo released either "armed" or "safe." If released 4safe," tlie
flare may function on impact When released armed, the flare becomes
fully ignited approximately 6 seconds after release.

e. Airport flare.—Th« flare, airport, M18, illustrated in fignre 64,
is designed for lighting airfields in emergencies, should the floodlight-
ing system fail. It is ignited by means of A quick pull on the lanyard.
The flare produces illumination in excess of 40,000 candlepowor for
8 minutes.

104. Photoflash bombs.—The bomb, photoflash, M28, illustrated
in figure 67, is designed to produce a brilliant light of short duration
for night photography. It is equipped for installation in aircraft
in standard horizontal or vertical flare racks. It functions approxi-
mately 15 seconds after release to produce a flash of 150,000,000 candle-
power for 0.10 second. It may be dropped armed or safe but, if
dropped safe, may function on impact.

106. Aircraft slgnala.—«. Aircraft signals and the pistol from
which they are fired are illustrated in figure 69. Tlie signal is con-
tained in a signal case with an expelling charge. The signal case in
turn is contained in a "barrel" with a propelling charge. When the
pistol is fired, the propelling charge, in addition to projecting the
signal case ignites a fuze. After 2.6 seconds the fuze ignites the
expelling charge, which in turn expels the signal and ignites the
pyrotechnic composition.

b. The signals currently authorized for use are—
(1) Signal, aircraft, red star, parachute, Mil.
(2) Signal, aircraft, red star cluster, M14.
(3) Signal, aircraft, white star, blinker, parachute, M16.
(4) Signal, aircraft, green star, blinker, M10.
(5) Signal, aircraft, double star, red-red, AN-M28.
(6) Signal, aircraft, double star, yellow-yellow, AN-M29.
(7) Signal, aircraft, double star, green-green, AN-M30.
(8) Signal, aircraft, double star, red-yellow, AN-M81.
(D) Signal, aircraft, double star, red-green, AN-M32.
(10) Signal, aircraft, double star, green-yellow, AN-M33.
(11) Signal, aircraft, single star, red, AN-M34.
(12) Signal, aircraft, single star, green, AN-M36.
(18) Signal, aircraft, single star, yellow, AN-M85.
(14) Signal, aircraft, white star, parachute, MlO (limited standard).
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c. Aircraft signals are. identified by I lit- color nnd marking on (he
idcniificntion lop (oilier wnd).

106. Drift signals.—a. Drift signnls nre used ns nn nid in nnvign-
iSuii fur aircraft flying over wnlrr. '('hoy nre sninll Iioiiih-Nhn|ied
signnls with stabilizing fins. They nre. drop|M>d liy hnnd over the Hide
of the airplane.

b. Signal, drift, M25 (fig. IJ2) is designed In function 3 seconds after
impnct with water. While flnnling, il emits n flume, accompanied by a
column of Rinokc. It in used for |HI<|I iltiy nnd night nnrigntion.

ft, Signnl, drift, day, AN-Mk. I, in a light pnper shell filled with a
metallic powder. It bursts ti|>on impact, with wnler and leaves a
slick on the surface.

d. Signnl,drift,nielli, AN-Mk. 4, functionsnfler impart with water.
While it floats, it burn* out of the (nil . emitting flnme and mine smoke.

107. Oround signals.—n. (Ironnd signals are designed to IN- IIred
from the projector, pyrotechnic. M l A l , MS, or M4. The signnls are
equip|*d with tails and fin assemblies to provide stability in flight.
They are fired from the projector, tail upward. They reverse at
approximately lOtl feet and rise to nn nHiliidc of npproximntely C(K)
feet before the signal is ignited and ejected from the case. The. pro-
jector, pyrotechnic, M l A l , which is fired by u?c of a Innyard, is for
use with the high burst ranging signal. The M.'J nnd M4 projectors
are fired by striking the projector smartly on the ground. This drives
the ftigual primer against a fixed firing pin.

6. Hie signals currently authorized areas follows:
(1) Signal, ground, amber star cluster, M22.
(2) Signal, ground, amber slur, parachute, M2I.
(8) Signal, ground, green star cluster, MSI).
(4) Signnl, ground, green star, parachute, M10.
(R) Signnl, ground, white stnr cluster, MIH.
(0) Signnl, ground, while stnr, parachute. MIT.
(7) Signal, ground, high burst ranging, M'27.
e. Limited stnndnrd signals arc—
(1) Signal, ground, red chain, pnrnchute. M7.
(2) Signal, ground, red star cluster. M(l.
(8) Signnl, ground, while slur, pnrnchute, Mfi.
d. Slnndnrd ground signnlM nre identified by the color nnd innrking

on the fin. Limited slnndnrd ground signnls arc identified by the
color and marking on the identification lop (outer wnd).

108. Very signal lights.—These, nre the. plnin cnrlridge typo of
ground signnl fired from n pistol (fig. 111). They contnin n primer,
expelling charge, cpiick mulch, and illnminnnt chnrge. The color of
the signal, red, white, or green, is indicated by the form and color of

02

AMMUNITION, OKNKRAI*
TM 0-1000.

108-110

the lop wad of the cartridge. The signals bum for approximately
6 seconds.

109. Care and precautions In handling.—a. Storage,—Pyro-
ipchnics should be protected against moisture. Containers which
show signs of dampness or moisture will be carefully examined, and
if there is any evidence of moisture on the pyrotechnics they will be
destroyed. Pyrotechnics should bo handled with care and protected
against shock; the boxes should not be dropped or thrown. They
fliould not be stored with oilier kinds of ammunition. Photoflnsh
bomlw which have become damaged in handling or storage should be
destroyed in accordance with the provisions of chapter 4. They will
not Iw disassembled under any circumstances.

b. Flare*.—For information concerning the serviceable life of flares
and disposition of overage flares, see OFSI) 8-0.

c. Toxinty.—Pyrotechnic material is (misonons to men and animals
if taken internally, r

d. Recoil.—Doth hands should bo used to hold the pistol when dis-
charging Die flare, aircraft, parachute, MO, because of the powerful
recoil.

e. Fire*.—The incendiary effect of pyrotechnic material should be
kept, in mind in using such material in the vicinity of dry brush
and grass.

/. Dndt.—During maneuvers over terrain other than military reser-
vations the location of dud flares and photoflash bombs will bo ob-
served. The duds will be sought out and destroyed as soon as possible.

110. Packing and marking-.—a. Packing.—Pyrotechnics are
packed in metal-lined or unlined, nailed or wire-bound wooden boxes.
Those in unlined boxes are picked in inner containers consisting of
scaled corrugated-board cartons, cylindrical fiber containers, or metal
container*. The cartons are dipped in paraffin to protect the contents
from moisture. The. containers are labeled or marked to show the
typo or kind, lot number, quantity, and limiting date for use, if any.

o. Painting and marking.—Pyrotechnics are marked in such a way
as to provide positive identification for all purposes. Each item is
mnrkcd lo show the type or kind, lot number, and limiting date for
use, if any.
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111. Genernl precautions. — a. (frn?rtil. — A study of accidents
which hnvo occurred in the handling, shipping, nnd storage of explo-
sives and nmniunition shows (lint, in practically every instance where
the cause rould lie determined, HIP accident lins IMMMI due to circum-
stances which mny he classed as nvoidnhle. Therefore., the following
general wifely precnutions will lie sir icily enforced.

6. For personnel. — (I) Ammunition should Ixs handled under the
direct sinmrvision of an officer or other com|wlcnt person who under-
stands thoroughly the hazards nnd risks involved. Persons handling
ammunition should be impressed with the fnct Hint their safety nn
well ns Hint of others depends upon the intelligence nnd cnre exercised
by themselves and by their fellow workers.

(2) Personnel bundling nnimuiiition should not he permitted to
tnmper with or disnsscmhlc nny components. Serious accidents may
result.

(3) Persons bundling nmmunilion should rlenn nil mud nnd grit
from their shoes before entering (he magazine, rnr, or boat in which
(here are explosives or nmmunilion.

e. Safety shot*. — Safely shoes should lie worn whenever explosive
dust is present, such us nl hlnrk (mwdpr or high explosive landing
operations. Snfcty shoes nrc shoes without exposed metal plates or
nails and without insulating rubber soles.

102

d. Handling ammunition,.—(1) Explosives nnd nmmunition should
be handled carefully. Bale hooks will not bo used. Containers will
not be tumbled, dragged, thrown, or dropped on each other or on
the door.

(2) All tools used when repairing, opening, or closing containers
filled with hazardous explosives should be of iionferrous or nonspark-
ing materials.

(3) Explosives and nmmunition should not bo exposed to moisture
or dampness or to the direct rays of tlte sun for any long period. If
it is ncccssnry to leave boxes temporarily outside of magazines or cars,
they should bo covered with a tarpaulin which is so placed that air
can circulate freely through the pile.

(4) Ammunition will not bo reconditioned, renovated, or salvaged
within the magazine area unless tlte sites, buildings, or cars in which
work is being done are devoted exclusively to such work and are
specifically approved by the commanding officer.

0. Containers.—If 'explosives spill or sift from a leaky container,
all work will bo stopped until the explosives have been swept up and
removed and any remaining particles or dust have been neutralized
with water.

/. Fire precautions.—(1) Matches or other flame-producing do-
vices will not bo permitted in any magazine or magazine area except
by written permission from the commanding officer. When necessary,
]N>rmits will be granted to carry safety matches. They will be car-
ried in a closed metal receptacle,

(2) Smoking will be absolutely prohibited in any magazine or
mngazino area, or around cars, wagons, motor trucks, or boats in which

• there are explosives or ammunition.
(3) No portable lights other than approved electric lanterns and

flashlights will bo used in magazines or around explosives and ammu-
nition in cars, wagons, motor trucks, or boats. Electric lanterns and
flashlights approved by the Bureau of Mines or by Underwriters
Laboratory for Class 1 Group D locations may bo used in lieu of such
items approved by tho Chief of Ordnance.

(4) All electric light and power lines where authorized within
buildings containing ammunition and explosives or explosive vapors
will be installed in accordance with drawings nnd specifications ap-
proved by tho Chief of Ordnance.

112. Guard protection.—a. Magazines and magazine areas in
which there are explosives and ammunition should bo adequately
guarded at all times. Magazine areas should bo protected by non-
climbnblo fences and all entrances should bo securely locked unless
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guards nro stationed nt. lhe.ni. Special precautions diould bo taken
to guard areas which nro not protected by n nnilnhlc fence.

b. Guards nml others in charge, of explosives and nintniiiiil.ioii will
bo Ihoroiifrhly instructed as lo Hie hazards due (o fife nnil explosion
nnil Ihn wifely precautions In IN* I a ken.

o. Guards should bo instructed lo iiinko n proinpl. report of (ho
following:

(1) Any unnsninl occurrence in or ncnr a magazine area.
(2) Grass or forest fires in areas adjacent In the. mnjrnzino area.
(3) Conditions which arc or niiiy liecoino lire hazards, mich as long

grass, undergrowth, and oilier vegetation in the vicinity of magazine*.
(4) PnngerotM pracf ii-en of personnel working in magazines or ex-

plosive nrcns, such as smoking, unaiilliiirizcd use of firo equipment,
and tampering with nniniiinilion or elect rival equipment

(5) Unlocked magazine doors and shutters, defective telephone and
electric wires, and opening* in fences.

rf. Hunters in the area adjacent lo magazines who are discovered
using firearms in a iiinnner Hint tnny endanger military stores will Im
warned ami, if tipewsary, reported.

r. Airplanes (lying over an explosives area at an altitude of less
than BOO fee.t will be oliserved for idenl ideal ion and reported.

/. Guards protecting explosives or ammunition will bo instructed
regarding (ho danger in firing in (ho direction of a magazine.

ff. Guards will bo inslrtided I hat their most important duty is lo
prolecl. explosives nnd ammiinilion against firo. Alarms will bo given
with I ho greatest possililo speed so as to start action instantly, as seri-
ous fires and explosions have been avoided by prompt action of fire*
fighting forces. After giving (ho alarm, guards will exert every effort
to hold the firo under control until the fire-fighting forces arrive, ex-
cept that should a firo occur in a closed magazine, they will not at-
tempt to enter the magazine.

113. Fire protection.—a. General.—Many of the fires involving
explosives and ammiinilion are prevent able. It is (ho duty of all
concerned in tho handling of explosives and ammunition to study the
causes of fires and thoroughly inform themselves of tho safety pre-
cautions Ihat must bo taken to prevent them.

6. (''mixes of fire*.—Fires in magazines and magazine areas in which
explosives and ammunition are stored may be. due lo several causes, of
which tho following am I ho most, common:

(1) Dry grass, leaves, ami underbrush ignited by sparks from loco-
motives, by smoking, or (hn cureless use of matches and camp fires.

(2) Deteriorated explosives and ammunition. Explosives and
ammunition deteriorate in storage. Normally this deterioration oc-
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ciirx at Riic.1i a slow rato that most, explosives and ammunition remain
iwrrircahln for ninny years. However, under unfavorable storage
condit ions, explosives and ammunition give off heal so fast that it can-
ned, be. dissipated, and it causes tho explosive or ammunition to burst
into flume. Jn certain cases whore tho explosive or ammunition is
confined, an explosion or detonation may result.

(3) Repacking, renovation, and salvage operations not properly
supervised and conducted in accordance with recognized safety stand-
ards. The most common sources of trouble are excessive quantities of
powder and loose explosives, accumulation of waste paper, broken
boxes, etc., and failure to provide the proper barricades and firebreaks
necessary to prevent the spread of firo from one operation to another.

(4) Careless or untrained employees or other persons who violate
regulations by smoking, building fires, or striking matches in forbidden
areas and buildings, or who tamper with explosives or ammunition,
particularly grenades or fuzes.

(5) Failure to understand and carefully observe tho safety precau-
tions prescribed in (his manual for destroying explosives and ammu-
nition. Tho most frequent source of trouble is flying fragments
which cause grass fires or explode piles of explosives and ammunition
awaiting destruction.

(0) Sparks that may bo caused by striking iron or steel nails or
metal containers with iron or steel tools, or by nails in shoes striking
flint, lobbies, sand grains, or nails in tho floor. Such sparks, small
as they are, have often caused disastrous explosions of black ]>owder
or of the dust of other explosives which ignite easily, and arc the basis
of tho requirements in certain places in this manual for tools of brass,
copper, or other nonaparking materials; for cleaning mud and dirt
from shoes before entering magazinea; and for wearing safety shoes
(shoes without exposed metal nails or plates).

(7) Static electricity. A considerable charge of electricity may
accumulate on smokeless powder and upon the body of an operator"
during handling operations. When a person so charged approaches
jmwdcr or explosives, a spark may jump between him and the powder
or explosives and ignite them. Personnel engaged in handling opera-
tions should go occasionally to the door and touch a suitable ground
to remove a possible charge.

(8) Failure to provide proper safeguards for heating appliances,
such as (orchcs and furnaces, used in making repairs to magazine roofs
and magazines.

(0) Lightning strikes buildings, trees, or other objects in or near
explosive areas.

(10) Electric transmission lines blown down W in contact with in-
flammable materials.
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(11) Lack of n proper muffler, or (he use, of n muffler cut-out, on
motor vehicles.

o. Special firt-prcvention rate*.—Fire prevent ion is of the utmost,
importance hecnitso of the difficulties encountered in controlling fires
involving explosives nnd nmmunilion. The s|>ccial precautions thnt
Bliould he tnken to prevent fires nrc net forth Mow.

(1) The duties of guards, flremcn, mililnry |>ersonnel, nnd others
will be no arranged thnt mi adequate fire-fighting force, will lie available
at all times.

(2) Fire drills and inspections will he rnrefnlly conducted to insure
that fire-fighting forces understand their duties and thnt. fire-fighting
equipment functions dc|H»ndnhly under net tin I working conditions.
Hose not tested to working pressures frequently bursts when most
needed.

(3) To combat grass or forest fires in or nenr the mngnzine areas,
(here will he maintained al suitabln locations nn adequate supply of
gunny racks, brooms, rakes, hoes, or other similar equipment. This
equipment should he regularly ins|M>cted nnd protected ngninst theft
or unauthorized use.

(4) When explosives and ninniunition nrc being handled or work
is being done in the immediate vicinity of such stores, there, should
be present ready for immcdiiilc use two chemical or other lyjw hand
fire extinguishers. It is not required (hat thcsp. be permanently
located in a magazine, although (his should be done, if practicable,
but it in required that (hey be present when employees need them.
Many serious fires have been avoided by (he prompt use of hand
fire extinguishers.

(5) Vegetation in (ho form of grass, undergrowth, weeds, etc.,
which is or may l>econie a fire hazard, will Ite controlled by the use
of chemical weed killer or by mowing, plowing, cutting, or, in calm
weather and under adequate safeguard, by burning. Hurtling should
not be permitted within the BO-foot space specified in (b) below, and
brush, grass, wood, etc., in piles will not he burned within 2(K) feet of
a magazine.

(6) A firebreak at least lid feet wide, nnd as free as practicable from
inflammnblfl material will be maintained around each above-ground
magazine. The earth adjacent to nnd extending over igloo magazines
will not IKS cleared of vegetation other than dry debris. Firebreaks
around the entire magazine area and at other places within (ho maga-
zine area, such ns along railroad tracks, should be maintained wher-
ever possible.

(7) All locomotives used in or near a magazine will be so equipped
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or of such a type thnt the possibility of their Retting or communicat-
ing a fire is reduced to « minimum.

(8) Water lines should be divided into sections by cut-off valves,
and witter mains should not be located under railroads or roads
used for conveying largo quantities of explosives and ammunition,
as a detonation of a large quantity of explosives over A water main
may cause the loss of all the water in the system. Railroad cars
or trucks loaded with explosives or ammunition will not remain over
water lines longer than is necessary to pass from one side to the
other.

(0) The use of highly inflammable liquids, especially gasoline, for
cleaning purposes should be eliminated. Solvent, dry-cleaning (Fed-
eral Specifications P-S-061, 8NL Kl-2a), will be used in all cases
in which solvents of this nature are required. It should be remem-
bered, however, thnt dry-denning solvent is also inflnmmnble, differ-
ing from gnsoline in having ft higher flash point. In bundling dry-
cleaning solvent, Alt 860-20, "Precautions in Handling Gasoline,"
should be observed in all cases. This regulation should not bo inter-
prated to forbid the use of carbon tctrachloride, trisodium phosphate,
nnd other noninflnmmable cleaning agents. Due to the toxicity of
vapors from cleaning agents adequate ventilation must be provided.

(10) Pnrking of automobiles in the immediate vicinity of ammuni-
tion or explosives areas should be so controlled as to minimize fire
hnznrds. Fires of either accidental or incendiary origin may, by
causing fuel-tank explosions, result in trails of burning fuel carry-
ing the cinifingrntion to adjacent cars or buildings.

(11) The use of metal tools, fixtures, and equipment which are
not grounded should be kept to a minimum.

(12) These rules will be supplemented by such additional rules
as the commanding officer deems necessary to secure adequate pro-
tection against fires at his establishment.

d. Fire-fiffhttnsf facilities.—A fire involving explosives or ammuni-
tion may result so quickly in an intense conflagration or explosion
that means for immediately attacking the first small blaze detected
are vitally important, and reliance must often bo placed upon hand
equipment which can be maintained ready for immediate use. In
addition to fire extinguishers, the, following types of fire-fighting
equipment may be used to good advantage.

(1) Water barrels and buckets placed at each magazine. If this
clnss of fire-fighting equipment is always maintained so that it can
bo depended upon in case of fire, it is a valuable fire protection. How-
ever, in the summertime the barrels must Im frequently refilled, and in
freezing weather brine must be used. Buckets deteriorate rapidly
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unless they nre, frequi'iifly pninlcd or protected from HIP wenfher. nnd
nre. blown iilxMit by windstorms if 1 1 icy me mil securely fastened in
place by some device which can be. released nl will.

(2) Siind boxes nnd buckets, wild shovels.
«. Pirn-fighting. — (jeiicrnl instructions which will he, followed in

combating nny fire involving explosives mid nnininnilion nrn ns fol-
lows :

(1) When n guard discovers smoke coming from n Hosed or locked
mngnzino or oilier evidence Hint, n mngnx.inn is nfirc, ho will givo (ho
nlnrm nn quickly ns possible. lie will fnil in his dudes if hn ntlrinptH
lo go lo Mi" burning building nnd (hereby possibly get Irnpped so (lint
lif > cannot (jive the nlnrm.

(2) When n gnnrd or wnlchmnn or olher pei-son discovers n grnss
fire, hn will innnedin(ely give (lie nlnrm. If n (MIX of fixed aininuni-
tion ml dies firo there is usually time lo extinguish it, ns it dikes 10
minutes or more for fire to rouse nil explosion of fixed nminunilion in
boxes.

(3) Fire-fighting forces, when (hey nrrive, will 11 1 1 uric n grass firo
vigorously nnd widen vor to extinguish it even when it is close lo a
magazine.

(4) In cnse n fire hns ncl unity giiiucd hendwny in n magazine, firc-
fighling forces should IN* directed no(. (o endanger themselves in hope-
less efforts to extinguish (he fire, but lo dcvolc (heir efforts (o wiving
(.he adjacent buildings.

(fi) Forces cugngcd in light ing tin's involving dnngerous explosives
mid nminunilion will nlwnys seek such cover ns is nvnilnblo nnd will
never unnecessarily expose, themselves lo the, intense bent generated
by burning smokeless jMiwder, or to flying fragments from exploding
Ammunition. Mnny serious accidents Imvc occurred to personnel run-
ning from a fire, while others much nenrer to (ho danger Imvc escaped
injury because (hoy were pro(ec(ed by cover which in mime cases was
very slight, such ns n tree, shallow ditch, etc. Fire-fighting equip-
ment. must bo halted 200ynrds from n fire nnd nil nviiilnblc cover used.
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114. General storage precautions. — n. (Jencnil slorngn reguln-
tions are contained in All 700-10. Regulations, {of ordnance depots
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nnd innnufncturing plnntfl nro contniued in the Ordnnncn Sufoty
Mnniinl (O. O. Form 7224). The regulnliona and inslniclioiiH in thin
inn nun I nro for |K>s(s,cnmpa, and stnlions.

b. Explosives and ammunition should bo stored in buildings de-
signed, designated, and isolated for the specific purpose. Explimives
and ammunition should not bo stored in buildings which nro used for
other purposes, such as basements or attics of barracks, company sup-
ply rooms, or general storehouses. When 8|)ccially constructed
nmgnzinca nro not nvnilnblo, the buildings used must afford good pro-
tection against moisture and dampness and have menus for adequate
vendla( ion. They must bo floored with approved material and may
not be. hented by open fires or stoves.

o. In these general precautions, the word "mngnzine" is extended
lo cover nny closed space containing a supply of explosive material
and includes such places as a railroad car, the bold of a ship, the body
of a motor truck, or a temporary shelter. In matters pertaining to
fetornge, the word "ammunition" when unqualified is restricted to Menu
fixed, semifixed, nnd separate loading shell and shrapnel.

d. Boxes, cases, nnd other containers of ammunition should bo
clean and dry before being stored. Damaged containers will be re-
paired or replaced before storing but the repair or change of con-
tainer will not tnko place in or within 100 feet of a mngnzinc con-
taining explosives. Powder dust, particles of explosive material
from broken containers, will bo carefully taken up as soon as spilled.
All work will Ira sus|K!iulcd until this hns lieen done. Ammunition
containers should not bo opened in a magazine nor should they 1m
stored after having been opened unless they have been closed securely.
No nails or tacks will be driven into a container of explosives or am-
munition. Cases should bo handled with care so as not to split the
metal liners. Cases should not bo dragged across the floor in maga-
zines as this practice has resulted in starting fires where there was
powder dust present. .

.0. Loose rounds or components will not bo kept in a magazino. No
empty container, no excess dunnage, no tools, should bo permitted to
remain in a magazine. No oily rags, paint, tur|xmtino, etc., -will be
left in a mngnzino containing ammunition or explosives.

/. Ammunition (should be piled by lot number in stable piles which
are so arranged that the individual contnincrs nro accessible for in-
spection and offer no obstacle to tho free circulation of air. The lops
of ammunition piles will bo below tho level of the caves to avoid tho
healed npneo directly beneath the roof. Tho bottom layer should !».
raised off the floor nlnnit two inches. Dunnngo should bo level; if
necessary, shims or wedges should bo used. Slacks should not be
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mi high that niiiiniinition or its containers in Mio lower layers will |H>
crushed or deformed. Partly filled boxes should he fastened securely,
nnirkod. nnd kept on the lop of (he pile.

ff. Chemical ninuiuiiilinii is stored separately nnd is mi placed llnil
every container niny IN* inspected for leaks nnd inny Im easily removed.

h, Door* of mngiiKines shoulil Im dosed while locomotives or motor
(rucks arn passing or pulling up. They should not Im opened again
until tho locomotive hits passed or the Irurk has passed or stopped and
flip motor hns Iteen turned oft*. Truck motors should not be. started
while the magazine door is open.

115. Mngnzines nnd mngnzlne nren.8.—a. Magazine*.—Mnga-
zincs should Im designed, constructed, and located with .special nttcn-
tion to the elnss of mnlerinls to IN* stored therein nnd should comply
with the following general requirements:

(1) Magazines should ho constructed of mnte.rinls which, in the
event of an explosion, wil l not. form dangerous missiles or firebrands.

(2) Magazines should be fireproof unless the mitlire of the hazard
permits (ho use, of a frame building covered with fire-resistant, mate-
rial such as corrugated sheet asbestos.

(3) Knch magazine should lie provided with ventilators which
should be well screened against sparks.

(4) All doors should lie made to fit tightly so ns to senl against
sparks, dust, and dirt, and should be covered with fire-resistant
material.

(ft) Magazines should IN* built on well-drained ground.
(0) Magazines must bo located so as lo be accessible to adequate

trans|Nirtalion facilities.
(7) Magazines must be protected against lightning.
b. New con*ttttefion.—The Chief of Ordnnnce bus prepared draw-

ings and specificnlions for mngnzines. The construct inn of new build-
ings or mngnzines for the storage of explosives nnd ammunition will
bo in accordance with such drawings. Lay-out plans for proposed
magazine areas and their location on a reservation must be approved
by the Chief of Ordnnnce.

c. Magazine mra*.—(1) It is essential (lint explosives and ammuni-
tion be segregated in an men spccificnlly set aside for their exclusive
storage. This area need not be large, but it is ini|mrtnnt (hat it be
Segregated from barracks, hospilnls, administration buildings, public
highways, inhabited buildings, and railroads. Individual magazines
must be separated by distances adetpiate to prevent propagation of nn
explosion from one to another. Such distances arc given in paragraph
116.

(2) A magazine area must be inclosed with a "climb proof" fence
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nnd should he posted to show the presence of explosives and to prohibit
Kinoking, trespassing, and hunting.

Caution: As signs are often used for targets, they should not he
at Inched directly to magazines as many explosives may he ignited,
exploded, or detonated by (wnclrnlion of a rille. bullet.

(B) Fences should always be maintained in good condition and a
guard stationed at every unlocked gate.

(4) Vegetation should be controlled and leaves, grass, and rubbish
removed from the area and burned.

(6) Accumulation of trash, empty boxes, scrap lumber, or any such
inflammable material should not be permitted.

(0) A CO-foot firebreak should be established around each above-
ground magazine.

(7) Smoking, the carrying of matches, and the use of lights other
than approved electric lights are forbidden.

(8) Magazine areas should be laid out with regard to access from
more than one direction; roads and tracks should be looped. Water
supply should bo from a network of mains rather than from a single
pipe line in order to insure against an important section being cut oft*.

(0) Mngnzines should not bo located over important water mains or
close enough to important power lines to damage them in case of an
explosion.

d. Care and maintenance,—Regular inspection will be made of each
magazine and magazine area to see if repairs are needed and to make
euro the safety regulations set forth herein arc strictly followed.

(1) Hoofs should be maintained in the best possible condition and
ventilators screened against sparks. There should bo no unprotected
openings around the foundation and no cracks in the walls. Doors
should be tight and sparkproof.

(2) Interiors of magazines should be clean. Paint, oil, gasoline,
waste, rags, and other inflammable material should not be left in
magazines.

(8) Floors should be free of grit and such stains as those caused by
exuding shell or dynamite. Exudate from shell should lie removed by
scrubbing with hot water. Exudate or oily stain from dynamite should
be removed by scrubbing with a solution of 2 pounds of sodium or
potassium sulfite in Vfe gallon each of water and wood alcohol.

(4) The 60-foot firebreak should be maintained free from inflaim
mable materials. Fire-fighting equipment such as water barrels and
ennd boxes should be kept full and ready for use.

(5) Magazines should be kept locked except when opened for neces-
sary operations or inspections.
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(0) When open, a magazine should !N> in (he personal cnre of an
officer or oilier responsible person, oilier limn I lie licit rest scnlry.

(7) Keys should lie in UK* CHIT of (lie responsible ofliccr or noncom-
missioned officer.

(H) Tin' |icrsou in charge of o|M>nilioiis should ninkc sure lluil nil
doom nnil shutters BIT securely forked when leaving I hi* magazine.

(B) A mngnzine plneard. "Storage nnd Care of K.x plosives" (O. ().
No. fitMH). should lie p«isted in every magazine in such position Hint it
will Iw conspicuous to all personnel working therein.

f. Iff pair*.—(1) Magazines wi l l lie repaired under Hie direct sii|ier-
vision of a eoni|iclenl person who will decide whether or not the con-
tents of the. iniignr.inc nre to lie removed while repairs are, mnile.
Under normal conditions, roofs, lightning rods, venlilntwrs, doors,
etc., may he repaired nnd minor repnirs lo (lie interior of the magazine
may lie made without removing ||n> contents. This dues not. apply
to mngnzines containing high explosives in hulk or hlnck jwiwder.

(2) When magnzinrs nre repaired, the general safely regulations
set forth will he complied with. In addition, (he following sjieeial
regulations will he observed:

(a) Work will lie. done by direful, ex|»erienced workmen.
(1>) Nonsparking tools wil l he used if prnelienhle.
(<?) The floor in (lie.vicinity of the work will lie swept nnd any

Rfnins scrnhlicd with hot water.
(tl) No work requiring soldering, melt ing of nsphnlt, or any use

of a blowtorch will lie done in a magazine continuing explosives or
ammunition.

(f) No repairs will he made lo the interior of n magazine con-
taining hulk explosives until nil explosives have been removed and
the interior washed with water.

(f) All workmen should lie searched for matches before being
allowed to enter any magazine.

(ff) All magazines should lie carefully swept after repnirs hnve
lieen completed nnd nil (mils should lie removed.

(A) The. mngnzinc will lie ins|icclrd by competent authority after
repnirs have been completed.

116. Quantity-distance classes nnd tables.—n. To reduce, to n
minimum the hazards and risks due lo lire and explosion, those regula-
tions an- prescribed:

(1) The distances Hint will he mninlnined liclwccn magazines nt
militnry establishments and public highways, public buildings, public
railways, and inhabited buildings.

(2) The distances (hut will he mninlnined between magazines.
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lie
(ft) Thn maximum quantity that will lie permitted in any ono

mngiizine.
b. These precautions not only protect persons and properly in I ho

territory adjacent lo military establishments, but also reduce to A
minimum Hie. (Missibilily of any explosion involving largo masses of
explosives and ammunil ion, and limit the quantity of military supplies
that mny bo lost in any one explosion.

(1) In lime of war, military requirements may mnko full compli-
ance with safety regulations impracticable. Since the purpose of
these regulations is to reduce to a minimum the losses to personnel and
stores, the intent of the regulations will be complied with as far as
practicable.

(2) In time of peace, the quantity-distance tables set forth below
will bo strictly complied with except when subject to reductions under
special conditions as indicated below and in case of existing emplace-
ment magazines at harlrar defense installations. Such harbor defense
magazines may be used for the storage of ammunition pertaining to
tlm armament of the emplacement and not in excess of its war reserve
allowance. Magazines of emplacements which have had their arma-
ment removed or become obsolescent may bo used for the storage
of any class of ammunition and explosives, provided the quantity-
distance tables are complied with.

c. The distances specified in these tables offer protection against
structural damage and most missiles. Occasional missiles which travel
a mile or more are not considerod because of their rarity—especially
when the amount of material involved in one explosion is limited by
keeping piles small and spacing them so as to limit the explosion to one
pile. It will bo noted that the distances specified in the tables are not
based on the total amount of explosives in the magazines but upon the
missile hazard and the amount that may be involved in one explosion.
The specified distances may be changed under the following special
conditions:

(1) When a magazine is effectively barricaded or screened from other
buildings, magazines, railroad, and highway, the distances may bo
reduced one-half in cases not specifically forbidden in the tables. Kffec-
livo screening will bo by natural features of the ground or by an
artificial barricade at least 4 feet from the magazine, at least 8 feet
thick at the top, at least high enough so that the straight line extended
from the- top of the side wall of the magazine to the top of'the barricade
will pass above any part of a building to bo protected and at lenst 12
fcot above any public highway or public railway.

(2) Mngtizines of standard earth-covered concrete arch type 'nnd
emplacement magnzinca nre considered barricaded on all aides except
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(hat of tlio entrance, which side ma}' l>e Imrricaded if Inrnl conditions
require.

(8) Harbor defense emplacement magazines in a group, Iwing sepa-
rated from cnch olhcr by substantial dividing walls, need not comply
with I he inlennagazinc distances. I lowever, each mngir/ino, as ft unil,
initAt comply with the table distances for inhabited building, public,
highway, and public railnmd.

(4) Where Ihc construction of Ihe magazine is such as effectually to
slop (he missiles resulting from an explosion (herein, (he dis(anccs pro-
scribed for class 9, bulk explosives, may lie used in place of those
prescribed for tlic class to be stored. Such magazines are the standard
earth-covered concrete arch lype, (igloo) and emplacement magazines.
The quantity to be considered will be the tolnl quantify to lie stored
in the magazine except where specific cases are except ed in (5) below.

(6) (a) The dis(ances pi-escriltcd for quantities of explosives and
ammunition of classes 3,4, and 6 (defined below), stored in magazines
similar to the prescrilied ordnance types, may lw computed by taking
the actual weight of explosive material contained in each item and
multiplying by Ihe numlier of such items. Hie amount contained is
shown in pertinent Technical Manuals and regulations and ordnance
drawings which arc available on request from the Chief of Ordnance.
If the distances for such quantities of explosive or combinations of
explosives are greater than (he distances prescribed for the same
amount of bulk explosive, as shown in the (able for classes 0 and 10,
Ihe lesser distance may he In ken us Ihe minimum safe distance.

(b) Components of class 0 should IK* slacked in piles each containing
not more than 5,000 pounds of explosive material and having at least
2 feet clearance from all other piles. In this case the quantity to be
considered is Ihe amount in one pile. If (his regulation cannot be
complied with, Ihe distances for classes 0 and 10 will govern and the
total amount of explosives in Ihe magazines will Itc taken as the quan-
tity. The maximum quantity permit led, however, will lie 10,000
pounds or the numerical limit, whichever 5« less.

(0) Ammunition in group 7 will W stored in piles with not more
than 16,000 pounds of explosive in each pile or row. The, manner
of piling and the distances to be mainlaincd between piles will be in
accordance with (). O. drawing 10-48-12 (figs. 03 and 64). The
quantity of ammunition to be considered will (lieu be Ihe maximum
quantity in any one pile, and distances may be reduced accordingly,
provided that Ihe lateral (side to side) distances are in excess of 10
feet. Where this distance is less (ban 10 feel the tolal quantity will
be the maximum quantity in any row. Where compliance with such
conditions and clearances is omitted, as is sometimes necessary in
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underground magazines, the total amount of explosive, material in the,
magazine and the distances to be observed will bo taken from the table
for classes 0 and 10.

d. The terms used in the following tables are defined as follows:
(1) Inhabited buiMinfft—Any building regularly occupied or cus-

tomarily used as n habitation, church, sclioolhouso, office, hospital,
railroad station, or for purposes of assembly, except buildings on a
military reservation where essential military requirements necessitate
sites close to n magazine. The land limits or boundaries of military
reservations will be considered possible sites of inhabited buildings.

(2) Public railway.—Any steam, electric, or other railroad which
carries passengers for hire.

(3) Public highways.—Any street, alloy, road, or navigable stream.
(4) Navigable stream.—A body of water capable of extensive navi-

gation by tugs, barges, and other large vessels.
(5) Nearest magazine*.—The nearest magazines containing explo-

sives or ammunition. The amount of explosives or ammunition per-
mitted to be stored in a magazine can sometimes bo increased if the
nearest magazines are, filled with inert materials, thus greatly in-
creasing the distances to the nearest magazine containing explosives
or ammunition.

(6) Maximum permitted.—The largest amount of explosives or am-
munition permitted to be stored in a magazine even if it is more
isolated than the tables prmcrite. It is im|iorativc that the loss of
military supplies bo reduced to an absolute minimum.

(7) Structural damage.—The serious weakening or displacement of
foundations or brick or stone supporting walls or Ihe breaking of
wooden main supporting members in outside or inside walls. No
readily reparable damage such as broken glass or loosened plaster is
considered structural damage..

«. The explosive contents of ammunition or components are shown
in the Technical Manuals for each caliber and type of gun. They are
also shown on ordnance office drawings. If such information is not
available, it will be requested from the Chief of Ordnance. The
quantities shown in the tables were computed in (he following manner:

(1) Smokeless potoder.—Th9 quantities in pounds are the not
weights of the powder in the boxes or in the propelling charges.

(2) Pyroteohnio».—'Fh& quantities are the gross weights of boxes
and contents.

(8) Separate and unfitted shell and bombs.—The quantities are com-
puted by taking the net weight of explosive in the charge of one shell
and multiplying by the number of shell or bombs in the magazine.
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(4) Fi*c.d ammiinition.~'\']w <|unitli1.v IH I he net weight of the high
explosive charge in the shell tnnHipli(>il liy the number of rounds.
The smokeless powder profiling charge is so much less hn/nrdoiro,
that it is not included in the compulation for HUB class of ammunition.

/. The grouping of explosives and nnininnilion iiilo classes in this
section means llutl fho hazards arc similar for all items of a group.
It docs no! imply that HIP items of a class are intended to be stored
together or even that it is permitted thai they lie stored together.
Combinntion storage is discussed in paragraph 117.

g. When military explosives and ammunition are parked in accord-
anco with the provisions of Win- Department drawings and 8|>eciHca-
tions, they may Im grouped, according to the degree of hazard involved,
into the following classes:

(1) Claim /. Small «r»w ammunition, ana" mechanical time fu*f*
without boosfcm.—This is principally a fire Immnl ami no limit has
Ijecn placed on the storage of this chisp, except the limit, on numk-r of
fuwss. See note (") to table for class 8.

(2) Ola** 9. Smokcte** pointer, pyrotechnic*, and chemical ammu-
nition containing pho*phoru*.-—'\'\UH# materials under extreme condi-
tions of moisture, high temperature, or age may become unsafe. They
burn with intense heat lint, do not usually form dangerous missiles or
generate pressures which will cause serious structural damage to
adjacent magazines.

1)unMlil#->1i!ilnnrr InMr for clan t

(3) Clot* 3. roint-actonatiwi /»>.»<•*. minor fnlibr.r bate dffonat-
ing fuzes, pointer train and antitank mine fvec*, packed separately in
boxes; bomb ftigc*, parked with fn a**f.mblir».—'Iliese usually cx-
plodo progressively, not more I him a box or two at a time.. Pres-
sures that will eaiwe structural damage to adjacent- magazines are
usually not generated. Missiles are mini 11 and light and usually full
within 100 yards.
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Qnmtltr; iwninhinl*t|*wlw
(nntom)

10,000... . .......... --
100.000.....--..-.
200,000— ..--- — .-
600,000*————----

,«H,,rtNmofrtlM.BWl.nn«

i Mmlimim iitrmllM In Mr

|inl>

bnihllmi

150
300
375
mm

nrrlnwh'il illslmiii-

I'nWk rallir*)r

ir.o
.KM)
375
OIK)

' In trrl friim nrofr

I'nliltr hlrlin nv

150
.101)
375
nno

H-

Mumrlnn

HKI
2(M)
250

hull for tmrrhiiitei l» immHInl nnly In (He nm of nmrrH* Nrl™. or emiAiM..
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•Ivf.i (not over)

50...................
200.. ................
1,01)0... ........... ...
10,000 «.—....-......

1

IfitonUrd build-
Inn'

400
400
400
400

DhtMmi In fcc

PnMfonrtwsjri

400
400
400
400

I from iWMfit

llihMohlRhwiiyi

400
400
400
400

MmMlM

00
100
180
300

i Thai dlttinmi will not b* mhitti by Urriadtt nenit lint on* IMH tht •!»»* rtlMuKM to Mrtb«f
Itwl for ennrnt* Nt loo or miplietnraat nM|MhM.

i IMslMM* lint mMla win l»v»l.
• Mmlnmrn w»l«hl iwrmltUd In on* m*|ulm. Uow*r*r, net man than W.OnO (met oT *nr OM nw<H

nor more limn ino.ono hint of «ny numhtr ol madrti. will In ilorxl In ont muniiln* without prior (ptvonl
of the Oh W of OfJiwnw.

,1
(4) Clean 4- Fined and semifixed high ea>j>lo»ive shell, trench mor-

tar ammunition, fray mentation bombs in wooden containers, grenades,
shrapnel of all calibers, fuzed and unfitted, and blank ammunition for
cannon — packed in boxes or bundles. — Articles in this class usually
explode progressively only a few boxes at a time and many explosions
of individual rounds are of A very low order. Pressures which will
cause structural damage to adjacent magazines arc usually not gen-
.crated. Most missiles will fall within 200 yards.

datl 4

(not OTOT)

60.. ............ ... •_.
600.. ................
1,000.... ............ .
60,000....-..... —— ..
600,000 ».——.....——

Vnb

IntaMtad bulW-

200
200

,200
,200
200

MrtaMMdhtMiM

PoMlf} rrtwfty

,200
,200
,200
,200
,200

* III PMt WWH IMAP

rubllohlthwtr

1,200
1,200
1,200
1,200
1,200

wt-

MHMfc.

60
140
180
225
NO

• Than illntinoM will not h* r«liu*l hjr bwrtadM MMpt lh*t om>taU •! IhM* dhtencM h MthoriMd
fnr ooneral* Hiloo*n>l omphioMMnt nMNMdnw.

' Minimum p*rtnltud to h« Morml In «nr «M BMmln*.

(5) Clans ft. Separate-loading and unfixed shell, loaded with eaplo-
sive I), fitted or unfutfd.—Tliese usually explode one shell at a timo
and, in nearly all casns, with low order. The missiles are limited as to
number and range, and most of them fall within 400 yards,
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Qtmnlily-iliiilante InMt for dnn 8

Qtnmlttr; nnniMt*
(not OVM )

1,000....
25,000...
850,000 •-

Dbtemv i In fret from nrarrat—

lhnMlr.1
Nilhlluf

1,200
1,2011
1,200

I'lililh* rullwey

1,200
1,200
1, 2CKI

Public hi«h«*y

1,200
1,200
1.200

Mftfiitino

in
20
30

I The* ilMnnCM will nnl be Mnrwl by IxirrlnwlM ennpt llmi one-half «f Iliovs ilhliinni!i h mithnf lr*-l
lot concrete lt>o end emHuremcnl tmt*tli»a.

• Muloram permitted to be ttored In uny em mupwln*.

(0) Class (S. Major and medium enlibrr ba*f-dftonating fitsc*, bomb
fvtfs, booster* and burster* for high, esrplosive and chemical shell and
bombs—packed separately in 6ar«.̂ -'11ieso usually explode progres-
sively by piles. Structural damage caused by the pressures generated
is usually limited to ad jacnnt magazines. Missies are light and usually
fall within 2(K) ynrds. When items of this clnss ara stored in concrete)
igloo magazines, the quantity-distance requirements of Clnss 9, bulk
explosives, will govern. The quantity to bo considered will bo deter-
mined in accordance with r(R) (b) above.

' QitanlHy-ilitlnnce tnble far elm* t

QtMnlHjr; nmiiHh «f ciphnlTM
(not om)

60... ...........
200.... ..............
5,000. . . .. . . . . . . .
100,000*.. ..............

lllh«l>Hnl
tllllMlKf

210
210

1.500
1.500

ItMnnrvMntN

fuMleraHwiiy

HO
110
000
MM)

Public lilcliwuy

70
70

450
450

Mmmrlnr

00
too
200
300

i Thr*e ilMmwe* will no! he mlimxl by bnirlrailn nor by murage In mnrrde Ntbio or emptacenî nt
ineffMElnrt. . ,

* Minimum «ft«ht |mrmlll»4 In one ii«r«»ln«. llowrvtr. nnl mnra limn M,nnB hir«i ol en? mi* mwM
nnr nrnre then * tntnl of ir«.nm fmif of eny nninlwr of nimMi will be Mnml In on* imfetlno • HhoiU prior
•pprovel of the Chtof of Orlnenet.

(7) Class 7. Rfparatc and vnfxed *hcll of all calibers, except those
loaded with explosive It.—All in a magazine may explode but the
explosion may bo limited to one pile by arranging the material in
accordance with instructions fur piling separate loading shell given
in 0(R) alx»vo and pnmgraph 1lR«/(2). Structural dnmago is usu-
ally limited to adjacent buildings. Most missiles will full within 600
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yards. When items of this class an stored in concrete igloo maga-
zines, the quantity-distance requirements of Class 9, bulk explosives,
will govern. The quantity to be considered will be determined in
accordance with 0(6) (e) above.

QuanUly-dttlanet lath for rfn« 7

Qtiftntlty: nrnmdf of etphnlTei
(not ovof )

26,000...............
600,000»..............

IntaMled
bulUInf

1,800
1,800

Dbtenoe ' hi feel front Monet—

PiiWIvrellwer

1,800
1,800

rubHohlfhwer

1,800
1,800

MmnlM

200
300

iThM* dMMWM will Mt b* mlimd by burfevfe* Mr by ttengt hi moorate dho of

• MMlmam pwmHIod la tar DM

(8) Class 8. Primers, primer-detonators for bombs, grenade fv*es,
and blasting caps— packed in metal container* e/nd wooden botses.—
All in R magazine may explode at one time but AS the total amount
of explosives is 'small and they are not closely confined, structural
damage is usually limited to adjacent magazines. Light missiles are
formed which have a very limited range.

QnantUy-JitlancHnblt for clatt 8

QueiitHr: pound* of uphalfM

60...................
500..................
2,000.........--.--...
6,000.. .... ............
10,000, ..........
16,000. ............
20,000'..........,.....

IHtumct ta feet from iieenrt-

InheMMdottiMimf

340
720
P80

1,200
1,500
1,«10
1,740

PubUonllwsr1

140
430
500
720
900
070

1,040

PuMtohlfhwey

70
220
300
300
460
400
620

Metedne

00
140
300
800
300
300
300

i Miilmum w«l«ht permitted to be *tond ta ear •«• laetMlne.

(9) Clasx !). Flashlight powder, demolition blocks, spotting charges,
M low explosives, bttlk priming explosives, bulk initiating explosive

such as tetryl, bulk high explosives such as TNT and explosive D.
(10) Class 10. Demolition bombs, fragmentation bombs in metal

crates, phofoflash bombs, and HE antitank mines.—All in a magazine
may explode at one time. If this happens, structural damage, caused
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liy Itii* pressures frenernleil. is no( likely In occur nl Ihe distances fi'
in (ho (able nud most missiles will full well \v i l l i in (he.se. distances.

Qlirtll

CJlWHlHyj |MMItl*M IH MjWI"
»lvr« (Iml ntrr)

too......
200.....
300.... ..
400..........
BOO...... ..... ...
000 __ .. ....... ..
7IHI __ . .. .
800....
000....
1,000 ...
1,500.....
2. 000. ...
3,000... .
4.000..... . .... ...
5.000... ...... . . . . . .
fl.OOO .
7,000............ ....
8,000.......... ........
0,000.......... . ....
10,000....... . . .. ..
16.000..... . . . . . . . . ..
20,000........ ... ..
25,000...... .... ...
80,000..... . . . . . . . . . .
40,000... .......... .
60,000............. ..
76,000..............
100,000. _ ..........
160,000......... ...
200,000... . . . . . ....
260,000'..............

lihi-ilifliiHfr In

InlmMli*!
iHill.lliie

145
210
3IHI
520
nio
720
SIMI
mm
020
OHO

. 020

. 120

.200

.320
,120
.500

,1110
.mm
,700
, 7 10
,870

2, 010
2.140
2,280
2,660
2,800
3,310
3, 030
3, 800
4,000
4, 310

Mr far rlnxurit

liMniH-r InM-l

00
HO
220
.110

4.10
4SO
520
550
r.oo
(110
tlftO
720
7110
850
000
010
1»70

,000
.020
.010
. 120
,200
,200
,370
,630
,080
,000

2. 180
2. 280
2, 440
2,500

1 ami IH

frnui iH-niiMl

I'llMIr hteliwiir

45
no

no
(•in
100
220
210
2IHI
2WI
300
310
.110
3IUI
300
420
450
470
4tMI
500
510
620
600
000
fl-IO
080
700
840

.000
,000
. 140
.220
, .100

. ..._...... —

Miwiulm

00
80

100
120
130
HO

158
105
170
180
210
230
200
280
300
300
300
300
300
300
300
800
800
800
800
800
400
400
800
800
800

I Mmlmiim prrmlllnl In »ny ami mwnitlnii.

(11) Claw It. Ctiftniml ammunitiontearrpf. mnmtinHhn
ing pho*)>hotti*.—Chemirnl shell, Immbs, nnd grenndes stored and
issued by (ho Ordnance Department nrn ncit considered (o bo an ex-
plosive hazard nnd no limit linn been placed on tins (ypo nf nmmuni-
tion aa far as quantities and distances nro concerned. However, there

nro rest rid ions on the storage of such nniniiinilion which HIT. net forth
in pimifrrnplis 117 nml 118&.

(12) Clan* 13. E-fplosives tuck as ammonium nitrate., /)NT, and
wft tiifrocrltiiloKc.—These materinlfl are insensitive nnd cini bo doto-
nnted only by very strong initiation. When stored in an explosives
area whcro (hero is a feasibility that explosives may ho projected into
(hem, they will lie stored in accordance with tlio regulations for Class
ft explosives. When stored in an area nf flro hazard* only nnd sepa-
rated by inhabited building distances from areas containing explo-
sives or ammunition, these materials may bo stored in accordance
with (he regulation for smokeless powder.

117. Storage chart—combination storage.—a. Storage chart.—
(I) The following chart shows the explosives and ammunition which
limy be stored together subject to the quantity-distance, tables, pnrn-
grnph 110. The X in the intersection of a horizontal row and a
vertical column indicates that these items may lie stored togetlicr.
As one example, small-arms ammunition may be stored with pyro-
technics. Where the X appears in all of tho intersections within
n group, any or nil of tho items in tho group may bo stored together.
For example, any or nil.of tho items in group C may bo stored in one
magazine.

(2) When two items nro stored together in accordance with this
rule, additional items may be stored therewith only if each of the
additional items is authorized for storage with all of tho other items.
For example, if small-arms ammunition and pyrotechnics are stored
together, antitank mine fuzes may not be added because the chart
docs not authorize the storage of antitank mine fuzes with pyro-
technics.

(8) Whcro the X does not appear at the intersection of a row and a
column, the two items may not be stored together in one magazine
except in the cases and under the conditions noted in b below.

ion
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SOT ponmpb II? toe o» of dun tad mc»t*tam

fi:i!
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I I '.s.'s

1
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i ii i

!i J
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If * |i!l!l|f l:J-'l• 1 ' £ '•* !5 f 2 ! a' 5::a -3 i i : T 8! i • •§ i S • •

*i ' » • :

!I ji 'U:i;.

I
5

A

Hulk black powder. *alutinc. prac-
tice humlt. and smoke puff
charge*.......................

i

x ..xL
.... X .. .
X .. X .

TXT (bulk) and demolition
Dynamite.................. ...
Explosive D....................

B Smokeless powder, bulk or charge*. ............ X ..!..............
Small-arms ammunition........................... X X X X X : X
Fixed and semifixed HE shell and : ;
shrapnel__................................... X X XX X X

Blank ammunition for cannon..... ................ Xj X X:X X ' X
Separate loadin* shrapnel......... .— —— .. .. .— Xi X XX' X X

X| X ^X X X X . X
\-f ' \.S 1.S \ V> * N^X . V^ ^^

. .... .... ..... -. ........ .... 3
x x xxx xx ...... .... < r

Fragmentation bomb* i \vi>»d
crates).

Li«tht mo«*r shell (8l-mm and le*«). _. .— ........ X1 X X J X ! X • X ;
Grenadeti, fragmentation and prae- . , I ' '. ' i

ties___....__...______._....;....__ X. X X j X i X | X X X.
.Vntitank mines, practice....—...—. —— ..-.—^X! X iX:X! X I X i X ;X'.

i

T>

£

F
G
H
T
J

K
L
M
N

FUXM Tim* and detonating .
Primen Mid primer detonators
Detonators, blasting and percus-

sion caps
Grenade fuzes... _ ..... ..... ....
Adapters, boosters, and bursters
Fuzes, antitank mine..... ... . ... .
Demolition bombs.. ________
Fragmentation bombs (metal

crates) ........................
Separate loading shefl....-...- ..
Antitank mines HE
Pj m^y V)n jf^
OHftmtaal &mm vr A (•mifmnt'l
Chemical imm , gr. B (gu and

•moke) —— ——— . ———— . ———
Ohnnirad •unm. ft O (nhosohontt^
Cnemical amm,, gr. D (burning)...
Hombs photoflavb
Flashlight powder. __ . ____ ..

....

-- --

V

x
X--

——
-

_ i _ . _ ._;x:x x !x x
l v' v; v !vi v

__ _ . __ ..:X;X X X!X
___ ....... .-. . iX,X; X XiX

: ! v' V1 V :Vl V
....I.... .....JX X' X .XiX

i ; - !------------r-rr
• ' *................... ....I....

Stored separately

x" ' !* —: —— -• -•—X' ; 'x ...T
X!..........:-.
X t :

X .-.-..-- ....
V i

.-JX X ......
; ' ;

...X X ......
1 ̂ /.... ——— |X -.;.. >i x s
1 'x 5........ U.-..X g

I
anz
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nt night nnd cloRUip Ihem in the morning. If this fiiils to reduce the
IcinjM'rntine, (he coitminnditig ofllcer wil l decide whether I lie stores
nre to he removed lo nnolher tungnziiip. When magazine* are cooled
by filled ventilation at night cAVclive measures will !M> taken to protect
against fln> nnd lo clow I he doors in case or rain.

(ft) Smokeless jiowder, in hulk or in separate loading charges, is
nlwnyH packed in airtight container*, ll is impnrlatil Ihnl. such con-
tainers ii'iimin nirlight until Ihe jMiwder is used. When n shipment
is received, every conlniiier IN given n riHiinl inspeelioii lo see Unit it i.s
not dnmnped nnd lhn( DIP cover is in pood condition nnd tight.

(0) Metnl containers for pro|H>lling charges ore litled with n lost
hole nnd plug in the cover so (hnt Ihry cnn lie tested for airtightness.
Every container in which n propelling charge is stored will lip nir-
testcd when received nnd whenever il is subject to handling Ihnt might
muse it to lenk. The IPS!hip should he done with nn nppnrntns similnr
to thnt dcscrilMMl in (). f). drawing 24-12-2. providing, however, thnt
no motor-driven nir compressor will he In ken into a mngnzinc in which
explosives or nnnnnnilion nre stored. A pressure, of 3 to 6 pounds is
used nnd if no drop in pressure is observed in one minute, il inny l>e
assumed (he. case is not lenking.

(7) Every lenking conlniiier will he repnired or (he contents trans-
ferred to nn airtight container. I f (he conlenlR of nny container show
evidence of dampness or moisture, il should he segregnted anil reported
to the corps nren or depnrlment ordnance ofTtcer. lx»nks due to covers
or gnskets may he repnired without removing (he chnrge from (he eon-
liiiner or (he conlniiier from the mngnzine. provided cnro is Inken to
gunrd against sparks. Kepnir of lenks in other pnrls of the container
will he nnderliikeii only nf(er the removal of (he chnrge from the
container and I he conlniiier from the mngnzinc.

(8) Personnel eiignged in nir testing will be fnmilinr with the odor
and np|>cnrnnce of decom|iosiiig |Miwder. They should examine each
container o|>ened for air lest for Ihe chit ruder istic. odor. One of the
first evidences of dangerous deleriorntioti is the presence, of the ncid
odor of nitrous fumes in plnce of Ihe normnlly present odor of nlcohol-
ether.' 'J'he odor of dcconi|iosing powder is so characteristic thnt it
should not be mistaken.

(0) Fiber containers of scpnrnte. londing profiling charges are not
opened unless they are dnmnped; then the chnrge is transferred to n
servicenhle metnl container. Fiber containers nre not repnired.

(10) Metnl containers mny rust. They inny be rcpninlcd but must
be removed from the iniipimnc lo do so. Care must be In ken to repro-
duce faithfully the original markings whenever containers arc
repainted or changed.
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(11) Some fine-grain smokeless powders are almost as sensitive as
black powder nnd equnl precautions should he observed. The principal
safely nicnsure in regard to smokeless powder, however, is the careful
watch for deterioration.

(12) The normal odor In ft smokeless powder magazinn is a faint
odor of alcohol-el her. If this odor is strong, il probably indicates a
leaky container.

c,. XmoJl-arma ammunition.—Small-arms ammunition may bo stored
in any ningazine or warehouse which offers good protection against
the weather. When magazine space is limited, it mny bo stored in a
general warehouse by partitioning or screening off a section for its
exclusive use. This refers to small-arms ammunition only and not. to
other tyi>es with which it may be stored in a magazine. Good protec-
tion against moisture and high temperature should be provided. Free
ventilation of all parts of the pile should be insured, dunnage being used
where necessary. Skylights and windows near piles should bo shaded
so that ammunition will not be exposed to direct sunlight. Care should
bo taken to avoid piling ammunition near steam pipes. Nearly all types
of small-arms ammunition are packed in boxes fitted with airtight
metal liners and these liners should not be opened until the ammunition
is about to be used. When only a part of a box is used the remaining
ammunition in the box should be protected against unauthorized
handling and use by firmly fastening the cover in plnce. Serviceable
ammunition turned in by troops should not be stored in open boxes.
It should be repacked for storing and reissued at the first opportunity,
provided it can bo identified by lot number. If it cannot be identified
by lot, it automatically becomes grade 8 and should be reported to the
corps nrca or department ordnance officer for disposition.

/. Fixed and semifixed ammunition, grenades, and mortar nhcU.—
(1) These mny lie stored in any magazine with good protection from
the weather but preferably in fireproof or fire-resistant magazines to
reduce to a minimum the danger -of fire or explosions. Most of the
standard boxes and bundles in which this typo of ammunition is packed
are provided with cleats and those that are not may be piled with dun-
nage to insure free circulation of air. Except for 87-mm and smaller
calibers, fixed ammunition is packed in individual sealed containers
which are then bundled or boxed. If the ammunition is not removed
from these sealed containers until it is used, it should remain in good
condition. Serviceable rounds which have been removed from their
containers, such as those turned in by troops, should be placed in con-
tainers which should then be sealed with friction tape and shellac before
they are again placed in storage. This procedure will protect the
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round ngninst deterioration nnd I IIP primer against nccidcnlnl blows.
I/HISP. rounds should never lie. |icrmillcd in n magazine.

(2) Home fixed niniinini l icMi nnd (he limited standard UK frng-
incnlnlion grrnndc are ship|M*d unrir/cd. Assembly of fuzes lo such
items is forbidden within HIO feel nf n magazine containing explosives
or ntiimiiiiilion.

(3) It is sound policy lo mix quantities of different sizes nnd type's
in ench of several mngnzincs rather tlinn to store only one kind in each
magazine. For exnmple, there may lie on bniid n sufficient qiinnlily
of 75-iiiin high explosive shell In till one mngnzinc nnd enough 75-nun
shrapnel for another. Knther Ihnn More till high explosive shell in
one magazine nn<l nil shrnpnel in another, it is 1*11 or storage prnetiro
lo store hnlf of enrh ly|»e in ench mngnzinc. Thus, in case of nccident
lo one mngnzinc, there is still n supply of both types of nnnnunitioii
on hand.

tf. fieparatr, Jamtinff *hrll.—(\) Separate loading nnd unfixed shell
should be stored in IIreproof magazines containing n niiniinuin of
inllnmiiinble mnlerinls. Iron or steel dunnage is preferred to WIUH!
and it should 1m electrinilly connected nnd grounded. I f it is neecssnry
lo use wood for dunnage, the niuonnl should be kept to nn absolute,
minimum. Un fuzed shell should In- fitted with nn iron or steel fuze
hole plug. If it is necessnry lo roll fuzed shell, if should be done
carefully in order lo avoid the risk of arming the fuze.

(2) In order to confine nu explosion to one pile of shell, the. follow-
ing precnulioiis will IN* observed:

(a) Shell should he piled in single piles with the noses of the shell
in one pile pointing town id (he noses of the shell in the next pile and
and with (he bnses of the shell in one pile facing the buses of the shell
in the next pile. Shell up to nnd including 10 inches in diameter
should be piled in nccordnuce with figure 03. and distances s|iccified
should Im nminlnined if (he shell nre londed with TNT or nninlol. If
the shell nre loaded with explosive 1). the distances need Iw only largo
enough In |wrmil ins|>ec(ion of (he shell nnd of (he fuzp rnvilies.

(A) The nose-tn-nosc niul bnse-lo-bnse distances lictwccn rows should
be. equal.

(<?) The nose-to-nose dislnnees for ench raliber shell nre given in
ordnance drawing 1JM8 12 (fig. (M). They should lie strictly oh-
served and the nuinlM>r of shell in ench pile should be kept to n mini-
mum consistent, with the storage space available.

(3) Shell over 10 inches in diameter may be. stored on their sides
or on their bnses. When stored on their buses, there should l>e n 1-inch
Imnrd between the shell nnd the floor lo protect the shell from moisture;
shell loaded with explosive I) mny he stored in int imate contact but

128

AMMUNITION, OENERAI*
TM 0-1900

118

shell londed with TNT should bo separated by a distance equal to the
caliber of the shell.

(4) Thn rotating bands on all projectiles should ho carefully pro-
tected by ropo gromniflto or eomo other oflWlivo means. Uenln or
cuts in tho band may cause the shell to function improperly in llm
gun.

k. Bombs.—In storing bombs, a distinction must bo made between
the fragmentation and demolition ty|ics.

(1) Krnginciitation bombs are packed in wooden boxes and metal
crates. Those packed in wood are not liable to detonate in mass if A
fire occurs in the magazine in which they nre stored. These are
stored with, and in a manner similar to, fixed ammunition. Frag-
mentation bombs in metal crates are stored with, and in tho same
manner as, demolition bombs.

(2) Demolition bombs have comparatively thin walls nnd comprise
one of tho most hazardous types of ammunition to store because of their
tendency to detonate in mass if a fire occurs in, or a heated fragment
l» projected into, tho magazine in which they are stored. Safety can
bo obtained only by reducing the possibility of firo to tho absolute
minimum. Demolition bombs should bo stored in a fireproof maga-
zine with iron or steel dunnage. If wood must bo used for dunnage,
tho amount, should be kept to a minimum. Steel dunnage should be
connected electrically and grounded to the lightning protective system
of tho magazine. Demolition bombs not intended for immediate
shipment should bo unpacked and stored as above. Boxes and crates
should IMJ stored separately in a warehouse and fuzes or primer-deto-
nators should bo stored in a separate magazine.

(3) Bombs with fins attached should be pilot! with caro not to bond
or otherwise damage fins and all demolition bombs should bo piled
so that the fuze cavity can be easily inspected.

«. Fuze*, primer^ jtrimer-detonator^ detonators, and boosters,—
These components are usually packed in hermetically scaled containers
and boxes. Care should be taken in packing to see that they are
properly supported in racks or trays and protected against shock
or rough handling. Even when properly packed, this class of com-
|x>ncnts should be handled with great care. Boxes should be stored
lop up, in double row stacks, with 24-inch aisles between stacks and
between outside stacks and walls. Partly filled boxes should bo kept
securely closed. Magazines for the storage of fuzos should Iw small
to limit tho loss of this type of material, and tho quantity of fuzes,
primers, etc., stored in any one magazine should ho kopt to a minimum,
consistent with tho storage space available. Storage of all on hand
of any one type in a single magazine is to bo avoided if possible.
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j. Pyrotechnic*.—Pyrotechnics require protection ngninst moisture,
dampness, and high lemiM-rnlure. Pyrotechnic material Hint IIHH IHMMI
wet is hn/.ardoiis lo store, consequently any boxes (Inil show signs of
dampness will lie o|»eiicd niul if I lie pyrotechnic material is wel. it.
should lie destroyed (see ch. 4). I'yroledinies should IN* bundled
will i en re even when properly pneked. Certain kinds nf (his material
detcriornle in storage nnd lt»vc mi expiration date on the containers.
Cum should lx» taken lo oliservc (he direction for dis|K>s«I of this
junlcriiiI nt Ihn time indicated.

k. Chemical ammunition.—(I) Chemicnl ammunition should not
bo Blorcd with oilier classes, principally liecnuse. of the difficulty nnd
danger encountered in fighting n (ire involving chcininil ninterinlft.
All ninnitioim ronlniniiif; rhcinirnl nfrcnts nre stored in such n innn-
ncr Mint rnch item is nccossilile for inspcftitui nnd niny In- ensily
removed fi-oin Rlornjn* in t-nse it. slmnld devrhip n Ion It. This tyix1 of
nniinunitioii must lie ins|MM*led for Icnksoncr n month nnd nny lenkin^
contnincr is removeil downwind to nwnil ilis|xisnl.

(2) Whenever n inn^n/inc roiilniiiiii^ chomicnl ninniiinilion in
ojiened, A rcspoiiHihlo ofllirr or foremnn should !N> pivsenl to deleri (lie
o<lor of cnrnpiiifr fjns. I f snrh nn odor is pivscnt, nil |M>rson» enleriitjr
(ho mngnxine will wenr the protective devices projM-r for the pronp,
nil windows nnd doors of the innjriizine will lie o|>ened. nnd the lenk-
ing contnincr Bought out nnd removed.

(3) Ench lyjie of rlicinii'iil niiiinuiiilidn is piefenildy stored nloiie,
hut mny he stored with oilier chcmicnls hnviiig similar pro|icrtie9.
The s|M>cinl «|iiipnieii(, ns lisled for eneh jrronp of chemicnl ngenls,
should ho nvnilnhle in the vie.inily, hut not in the inngnzinc. The
chemicnl ngents nre pronped ns follows:

(a) Cfrovjt A. Vatican f*. l/fi and Ml.—Mnpi/.ines for this group
should hnre surfnce-hnrdeiied concrete floors. Special e(|iiipment

. should include gns mnsk, protective suit, hools. nnd gloves for enrh
officer, mnii, or firemnn whoso duties ii'tjnire his presenct* in the mngn-
xine; chloride of lime, kerosene nnd (Inline) cloths, sodium hicnrhonnte,
boric ncid,sonp. nnd nmple wnshing facililies.

(6) Group It. Toxic, irritant, and xmnH'f.-fHwtHcinff chemical
munition*.—Mngnzines should hnve surface-liiirdeiied concivle floors
nnd frco ventilation. S|M-cial ei|iiipment should include gns masks,
gloves, snturnted solution of sodium snllile, sal lira led iilroliolic solu-
tion of Rodiuin hydroxide, lillers. nnd wool blankets. Musics will hv
cnrried at nil limes hy |M>rsoiinel in (he magazine..

(c) Group (,'. RiMtntanfntmly inflammable munition*, phoHphoru*.
ll'/'.—This (y|>p mngnxine should hnve «-oncrelp floors with elevnled
Bills to permit flooding. Special equipment includes tubs or barrels
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filled with water nnd large enough lo contnin I ho largest, component,
stored. In nddition, Ihoro should be avnilnblo nibbcr gloves and
hoots, sponges, pnils, nnd copper sulfnte solution.

(//) dronp* n. /nncndiary and readily hiffiinnntjMp.Knbffanact, 777,
/''.V. 7/6'. 6'/V, (,'fif-/>Af (jrcnadea.—No water is to he uwd in HUH mngn-
r,inc. No special precautions arc necessary except to keep water and
fira nwny, nnd to remove leaking containers to prevent an accumula-
tion of loose material in (ho magniiine.

(4) Munitions from two or more groujw will not bo stored to-
gol her without tho specific approval of the Chief of Ordnance.

/. Inert material*.—Inert materials or empty comjwuents of ammu-
nition such as drill cartridges, target-practice projectiles, or empty
shell should he stored in buildings which afford good protection against
moisture nnd dampness. They should bo cleaned, repainted, and
slushed when necessary and should not be allowed to deteriorate.
Shell should Iro carefully stored to guard against dninagn to the
rotating band.
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110. Definitions, a. /«.«/VV//»JM. Periodic tests fur HIP purpose,
of detecting signs i»f deterioration nnd determining (lie condition nnd
serviceability of slocks on hand.

ft. Maintmanrt.—The rare taken nnd work done In keep I he ammu-
nition in good condition.

P, Kvrvfillimcr.—Combination of inspection nnd mnintennnce.
d. Gtmtinfl.—See pnrngraph 0.
120. Inspection of mngnzlnes nnd magazine nrens.—a. Mag-

azines nnd mngnzine. nrt»ns should lie ins|M»ctcd once n month to see
that all conditions nro normal, (lint neither humidity nor temperature
is or has lieen too high, nnd (hat containers arc in a satisfactory
rondil ion.

ft. Tim following is n summary of conditions Hint should apply
when ammunition in inspected:

(1) The locntion of magazines should conform to (hr quantity-
distnnce tables in regard (o distnnce fi-om iiihnbiled buildings, from
public highways and railroads, and from earn other.

(2) The mngnr.ine nren should lie well guarded and protected
against fire. -

(3) The required firebreaks should lie provided nnd free from rub-
bish and inflammable material.

(4) The magazines should be well and suitably constructed.
(5) The magazines should IMJ in good repair, dry, and well ven-

tilated.
(0) The interiors of magazines should Ite clean nnd neat with stores

arranged in orderly piles.
(7) The requirements of the storage chart, parngrnph 117, should

bo met.
(8) The Mores should be properly identified by lot number and

piled with no more, (ban one lot in each pile.
(0) Iloxes should be securely closed.
(10) Loose rounds, damaged containers, empty contMinors, paint,

oil, waste, rags, tools, and other prohibited articles should not bo
present in (he mngnzine.

(11) All ammunition, explosives, nnd loaded components (except
miinll-nriiis nmmiinilioii) should be stored in segregnted mngnzines
nnd not in buildings used for other pin-jumps.

(12) Files of pertinent piiblicnl ions should be on hnnd and up-to-date.
121. Smokeless powder.—n. Smokeless powder in bulk and scp-

134

arnte loading propelling charges should ho inspected to see that all
containers have lids fastened firmly in plncc, Hint containers are air-
tight and in good condition. They should be examined for evidence
of having been subjected to moisture and dampness and, in warm
weal her nnd climates, I lie records of I ho maximum-minimum thortnonv
oter examined. Mclnl containers of separate loading propelling
charges should be nir tested. Air testing personnel should be familiar
with the odor of decomposing powder and should note carefully the
odor from cnch container ns it is opened for nir test.

ft. When smokeless powder reaches an age at which it may bo ex-
pected to deteriorate with increased rapidity, each container is in-
spected at. least every 12 months. Methods of inspection and tests
to be performed are Inid down each year by the Chief of Ordnance and
published in OFSB 3-13.

a. During inspection, minor repairs such ns tightening lacings and
replacing gnskets should be effected.

d. In Inrge magazines, instead of dating each methyl violet test
paper individually, a record may be kept in the magazine of the date of
inspection. If any lots containing such undated papers are shipped'
elsewhere, the dnte of Inst inspection which normally appears on the
test paper will be shown on the shipping ticket.

122. Fixed and semifixed ammunition and grenades.—a. AH
stocks on hand should bo inspected to see that they can be readily
identified as to kind nnd lot number and that the ammunition has not
been subjected to moisture and dampness. Boxes should bo examined
to sco Hint they hnve not been opened nor individual rounds removed
from their scaled containers. Serviceable rounds turned in by troops
should be examined to see that they have been properly repacked and
sealed. Unserviceable rounds on hand should be examined to see that
they arc pnckcd in closed boxes and inquiry made to ascertain that
(hey have been reported for disposition.

ft. Representative rounds of lots thnt have been in storage for more
than 1 year should be examined as described below.

' (1) One round of ammunition will be selected at random from
each of three packages representative of each lot These rounds
should 1» removed from the magazine and disassembled with care.
Immediately after tho shell is removed from the cartridge case, the
odor from the powder will be noted. All instances of tho odor of
nitrous fumes will be reported.

(2) I'onr out the powder into a separate pile for cadi round and
ins|)ect for deteriorated grains. The most common indication of de-
teriorated grains is tho appearance of reddish yellow spots which
gradually spread over the grain until the entire grain la the wine
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color. Tliis orange-colored section is bridle and frinble nnd bns n
dull surface. Them in niiotlier ty|>e of deteriorated grain having n
reddish, translucent, waxy appearance; however, (his typo should not
bo confused wild the tionnnl ninhcr-colnred grain which i.s chnrnctcris-
tic of some lots of smokeless powder. In general, any charge contain-
ing an excess of 1 percent deteriorated grains will Itnve n innrked odor
of nitrons fumes.

(.1) If no deteriornled grains nre present, (he round will bo re-
assembled.

(4) If deteriorated grains nre present. the |»erccntnge will l»e deter-
mined and reported inde|>endeiiUy for ench rontiil of the sample. Tf
tho |>crcentage is in excess of 1 percent, a similar deterniinalion of
percentage of deteriorated mains will be inndc in nine additional
rounds.

(6) Tf the |M»rcentage of deteriorated grains does not exceed 1 per-
cent, the round will lx> reassembled; if over 1 percent (be smokeless
powder from that round will lie destroyed, I he primer fired, and the
balance of the round shipped In (he nearest ordnance, depot.

(0) Since it is very difficult to discern deteriorated grains in
graphitcd, FNJI, or Nil powders, rounds containing such powders will
bo tested for odor only. If acid odor is detected (he round will be
disposed of as indicated in (5) above for deterioration abovn 1 jrercent.

(7) Semifixed ammunition will be iiisprclcd as dcscrilied above ex-
cept that, when the charge is contained in bags, (he bags only will he
inspected for orange or brown spots or total discoloration. Hounds
continuing bags which are discolored or spotted due lo deteriorated
smokeless powder will lie disposed of as described above for deteriora-
tion above 1 percent.

(8) Profiling charges of 3-inch mortar shell will be examined for
nbilit.}* to sinnd assembly to the shell. The samples taken should bn
three cans from each lot and, if unsatisfactory, an additional 1 per-
cent of fhn lot on hand.

(})) Mortar shell and grenades nre insjjected as in a nbovo except
that extreme care is taken to sec that all grenades and grenade fujws
are in boxes which are so effectively closed that (he ni tides cannot bo
easily removed and handled.

(10) A report in duplicate for each lot inspected will be forwarded,
through channels, to the Chief of Ordnance.

123. Bmall-nrms ammunition.—TM JMMU and OKSU 3-6
should be at ha ml.

a. An examination should he made to see—
(1) That nil ammunition on hand is properly identified.
(2) That box seals have not been broken or liners opened.
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(3) That covers of partly filled boxes arc firmly fastened.
(4) That an excessive quantity of grade 3 ammunition baa not

accumnlntcd.
(5) That grade 8 ammunition lias been reported.
(0) That (hero is no great Accumulation of serviceable rounds of

ammunition not packed in clips or bandoleers or in the regularly
prescribed manner.

(7) That (here is no accumulation of otherwise serviceable ammuni-
tion not. identified by lot number.

b. Ammunition that has been in storage for 1 year should bo inspected
for corrosion, season cracking, dents, or other defocta of the cartridge
case, and for loose bullets or split tracer bullets.

c. Serious defects should'be reported at once and if the number of
defective cartridges is greater than 20 percent, the lot should be held
for instructions from the Chief of Ordnance.

124. Bulk explosives.—Black powder in bulk, practice bomb
and smoke-puff charges, TNT in bulk and blocks, explosive D, and
dynamite should be examined to see that the containers aro in good
condition, that there are no open containers, and (hat explosives are
not sifting from the containers. Black powder containers should be
examined for rust and for evidence that containers have been opened
in an improper manner, such as by the use of a cold chisel, hatchet, or
other unsuitable tool. Dynamite containers should be examined for
signs of exudation and other evidence of nitroglyccrin on the case or
on the floor.

125. Separate loading shell.—a. Separate and unfixed shell
should be inspected to see that they are piled in tho manner, and with
the clearance, prescribed in those regulations. Shell should bo ins|>ccted
for rust or corrosion and some of the fuze bole plugs should bo removed
to sco that tho threads are not burred or rusty and that tho cavity is.
clear. Bands should be protected against dents, cuts, and pressure from
upper layers of shell. Shell should be examined to see that they are
properly painted and marked as required. TNT or amatol shell should
be examined for exudate. Any exndntc formed on shell or the floor
should be scrubbed up with hot water. Exuding shell should be
reported and held for disposition. Exndnto is an oily brown liquid that
oo7.es out around the thread in the noso of a sheU- It is inflammable
and may carry small particles of TNT. If the exudation is slight, the
corps area or department ordnance officer may permit the shell to be
used after the cxndate has been thoroughly cleaned off. If the exuda-
tion is excessive and drips on the other shell or tho floor, the shell will
not be used. Exudate should be cleaned from the projectiles and from
the floor by scrubbing with hot water.
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6. Wlipn it licenmes necessary lo recondition the exterior surfaces of
projectiles, they should firsl l»e thoroughly denned. Metal does not
stop rust ing iiiiloss all signs of rust are- i-einnved from tlm shell. Light
engine oil should he npplied nnd cleaned off with gasoline nfler 2 or 3
week*; I hen pninl. with onecnnt <»f primer nnd one. or two if necessary,
conts of pninl. If shell are stored in dump places, il 1st rid. commit ndcrs
inny authorize, (he use of grease for slushing after painting or may
dispense with pa hit ing entirely if, under local conditions.adequate pro-
lection can he ohlained through (he life of grease nlone. Il must, ho
remembered that in warm weather grease must l»e renewed frequently.
Whether painted or greased or both, provision must l>e inaile for sten-
ciling lot numbers and other identifying murks on projerliles nnd
storing them so that (he shell limy he reaijily identified by hit ninnher.

126. Bombs.—The requirements for the ins|>cctinn of frngmon-
talion iMimtm are similar to those for fixed ammunition. Demolition
homlffl are inspected to see Hint Ihe regulations laid down for storage
are strictly complied with. ICxmninnlinn should he made for cxndate,
rust, and corrosion. Fin assemblies should lie protected. Pure hole
plugs should he removed from a representative, sample lo see. that
threads and cavities are, in good condition. Pninfing and mnrkiiig
should he in accordance with reputations. Kxnding Immlis are. treated
the same as exuding shell.

127. Fuzes.—Fuzes nnd oilier small londcd components should he
examined to see that they are stored in senled containers nnd well pro-
tected against moisture. Partly filled hoxrs are examined to see that
(hey have heen properly rcscalcd. A check should he made lo see (hat
(ho com|wiient8 are suitable for we with Ihe annnnnilion on hiind and
(lint (he required nnmhcr is nvnilnhle. Component;; which have licen in
storage, more than I year will have a representative box of each lot
o|>encd nnd the contents exnmined for rusl. discoloration, nnd cor-
rosion. Satisfactory items nre resented by resoldcring containers or
scaling with friel ion (ape and a coal of shellnc. Questionnble items will
not lie issued lint, will he reported lo Ihe Chief of Ordnance for
disposition.

128. Pyrotechnics.—Pyrotechnics should be examined to sen Hint
all containers nrc in good condition, nnd that they air effectively closed
so flint the contents cannot be cnsily removed or hnndled. Some pyro-
technics hnve n definite dntc of expiration of service life marked on the
pncknge. This dnte should he: checked nnd OFSH .1-0 should be
consulted for di.«|wisi(ion of ovcrnpc mnlerinl.

129. Chemical Ammunition.—('Imnicnl ai i i ini i i i i l ion should he
ins|ieclefl lo see Ilinl il is stored so Ilint nny lenky coiifniner cnn be
readily removed and (lint facilities for hniidling Imky conlniiiri-» are
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available. The nmmunition is examined monthly for ienkn nnd every
6 months for rust or corrosion. Boxes should be exnmined to see if
there nrc nny instructions thereon requiring the destruction or use of
the contents by a certain date. Containers which develop leaks should
Im ro ported, through rlinnnols, to the Chief of Ordnance. Such ropoiid
should include informntion as lo type, lot, dale discovered, nature
of leak and whether apparently caused by defective material or im-
proper handling, and disposition' made of container or disposition
recommended.

130. Inert components. — Inert or empty components of ammu-
nition should l» ins|iected to see that they are projrorly protected
against, rust anil corrosion, or if they need a renewal of a protective
coating of paint or grease.

131. Beport of unserviceable and defective ammunition. —
a. When the material in the hands of troops is inspected, inquiry should
he made as to any ammunition failures experienced since the date of
the last inspection and whether such failures have been reported. If
no report tins Iwcn made through channels to the Chief of Ordnance,
all avnilnble details of failures trill lie collected and so reported.

b. If the inspector finds defects in ammunition which will require
the expenditure of lalmr or funds to correct, ho should lake care to
examine a sufficient number of containers or rounds to insure a re|M>rt
on average conditions nnd not isolated cases. The examination of five
containers, selected at random, should lie sufficient for a report that, will
reflect average conditions.

132. Publication file. — A Die of |K>rl incut Technical Kegnlntions,
Technical Manuals, Field Manuals, and Ordnance Field Service Bul-
letins will be kept complete and up-to-date. The corjw area or depart-
ment ordnance officer or his assistant should determine, when insj>ecting
ammunition at a post, camp, or station, that such files are available and
their contents are thoroughly understood.

i
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133. General. — a. PurjHWf. of packing. — (1) In order I lint am-
munition may reach the firing lino in n serviceable condition, it is
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essential (lint ench unit of issue Iw siiitnhly piu-lced lo withstand han-
dling, storage, nnd linnsporlnlinn. Onco it unit of nnuntinition hns
been removed from its npproved container, there is no nssurnnec of
its continued serviceability. Therefore, equal prccnulioiiH should IMS
In l(oii in i lft furl her hnndling mid storage.

(2) When n waterproof container is ofHMicd, llm contents nre imme-
diately subject lo the effects of moisture, which is the most active
agent in causing llm dcferiornlion of niniminif ion. In ease iiumcdinlo
urn is not contcmplnled, K(I*|IH should lie taken lo resent I lie conlniiicr.

b. Marking.—(I) Mnrking includes painting, stenciling, nnd stamp-
ing of containers nnd of the nnminnilion if self. (See pnr. 8.)

(2) Explosives nnd other dnngcrous articles offered for shipment
on n common carrier will I* mnrkcd to comply with Inlorslnle Com-
merce. Commission regulations.

(3) Explosives and nmmnnilion will Im mnrknl in accordance with
Army Regulations, specification*!, mid drawings. Slnndnril nnd spc-
cinl markings nre covered hy II. S. Army specification 100-2, nnd nre
further descrilmd nnd explained in 'IVclininil Mnminls nnd in other
sections of thin innnunl. Mill-kings furnish essential informntion,
permitting intelligent handling, storage, nnd issue, of the round or
component.

(4) Now pnintinjr or remnrkiiu; of nmninnition nnd nmmnnition
components should Im n facsimile of Hint of (he oripinnl rontninor
or nnuniinilion nnlesn (he Chief of Ordnnnce issues spci-ilic instruc-
tions to the contrary. I1'*plosives nnd nminunilion olilnined from snl-
vnpe operntions or mnleriel whose identified!inn hns lieen lost should
be mnrkcil to sliow olenrly the nnture of the pcnnls nnd, if offered for
shipment, will Im ninrked to comply with Inler.-.fnte Commerce Com-
mission irpulnlions.

134. Pncklngs.—n. Drxhjn am) ron*tmotion.—The design nnd
construction of pnrlcinjp8 depend upon the. ly|W of linznrd involved
and the fucililies for slornpe nnd lrnns|Mirln(iont nnd Ihe lypo of pro-
tection required by I ho item pncked.

b. Typr*.—(I) Central.—Wooden boxes nnd crnles nre used moro
often thnn oilier I.VJM-S. The trend heiiif; followed in the. design of
boxes nnd crnles is townrd Ihe. use of slnndnrd 1-inch, or henvier,
lumber. However, recently boxen of xviie-lxMind constrnclion using n
veneer with reinforcing clenls, with slrnnds of wire cndrc.ling (he liox,
linvo been ndopled ns slnndnrd in Severn I inslnnces. Wire-lNHind
boxes will not si nnd ns much reuse ns the henvier wooden box but their
original lower cost wil l probiibly mnke (heir use moro economicnl,
piirliculnrly nt limes when reuse of Ihe box would not bo warranted.
Corrugated or fiberbonrd containers are to some extent replacing the
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wooden packing boxes, ns in thn cam of some complete rounds, pro-
pelling charges, and pyrotechnics. Four gancral ty|K>s of packing—
boxes, crntcs, cartridge storage cases, and fiber containers—are noted
below.

(2) Hoaifa.—(a) find opcninff.—Qtm end lieing removable, theso
boxes can be stacked on their aides, iwrinilting o|iening without
necessity of rcmovnl from the stacked pile.

(b) Chf*t type or hinged top.—This ty|K> provides easy access to
the, contents and repented use.

(c) Screw top.—This type uses screws, or twits and nuts, to hold
down the top cover. Jloxcs for fuzes, primers, boosters, and primer
detonators should have their wooden covers fastened with screws.
Nnils will not bo used.

(3) Crate*.—These are used for crating bombs, projcclilcs, com-
ponents, and metal powder containers to give added strength and
protection, and where packing in a closed box is not. necessary. Metal
crates, of steel, are used entirely in the shipment, of some bombs.
Oilier crates are wooden.

(4) Carfrulffc storage cases.—These are made of fiber or metal, are
cylindrical, tnoistureproof, airtight, and are used for packing pro-
pelling chnrgcs for separate loading ammunition.

(6) fiber container*.—A slip-cover fiber'contflincr of the mailing
t iilw typo is used for the packing of complete rounds, of sepnrnte load-
ing propelling charges for artillery WCIIIMHIH, of hnnd grenades, of
assemblies of hoostcra and fuzes, of fuzes, etc. These fiber containers
nre usually ship|>cd in bundles of three, by menus of two cup-shaped
clovcrlenf-design metal end-covers. An automatic U-shaped packing
stop is used in fiber containers for fuzed projectiles.

(0) Miscellaneous.—(a) Motal cans, of tcrncplntc or tin plnlc, are
used for packing smalt components of ammunition individually or in
smnll qunntitics, to preserve them against moisture. Metal liners for
wooden boxes are also used in many ty|>es of packing of com|M>ncnts,
in certain cnscs for smnll caliber complete rounds where a moisture-
proof container is desired, or for shipments of smokeless jwwder.
Zinc-lined wooden boxes are used for storage of all cannon |x>wdera
having a web less than .010 and compositions other than the nitro-
cellulose typo.

(b) All-steel boxes of Navy design are used for storing all cannon
powders hnving a web of .019 and greater. Sheet steel cylindrical
drums are used for black powder, which is contained in a cloth hag
inside the drum. The drums nre crated for oversea shipment*.

(c) Fiber cartons are used for packing primers or smnll fu/es, a
small number being packed in each carton. Where it is desired to
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render Ihc cnrfoii moislu reproof, il is usually immersed in hoi pnrnflin.
135. Regulations. -«. Tin- gcncrnl regulations governing tin-.

packing, nun-king, mid .shipping uf i i i i l i lnry supplies nrc sel forlli in
AICMI »r»!i.

b. Rx plosives mill oilier diingcrous article.* offered fur shipment on
n common currier w i l l IK- packed In comply with Interstate Commerce
Commission regulations. Iml paragraph M (n), section I, of them
regulations stales thai "shipments of explosives ollercd hy or consigned
lo (lie War nnd Nnvy Departments of (he United Slates (iovcrnment
mils! Im packed, including limilalinns of wcighl. in accordance with
them regulations or ns required by (heir regulations." Any proposed
departure from (he requirements of Interstate Commerce Commission
regulations must lie snlimittcd to (he Chief of Ordnnnre for decision.

f. Military explosives nnd nniinnnilion nre pncked in accordance
willi U. S. Army s|ieeiH«inlions nnd drawings. The methods; of pack-
ing ppeeified nnd used nol only meet mililnry requirements nnd protect
(he n Hides from dimmer in Irniisil Iml are nlso designed lo comply
with Inlerslnle (Commerce Commission regulations.

(1. When sliipinents of explosives nnd other dangerous n Hides nre.
to lie. made nnd containers nre not avnilnhle which comply wilh U. S.
Army specifications for the pnrticnlar nrticle lo he shipped, containers
complying with Inlcrxlnle Commerce Commission rcgiilnlions will IN*.
used. This applies pnrliciilnrly lo (he shipment of deteriorated ex-
plosives or nmmnnilion and (o powder, explosives, nnd loaded com-
|Minenfs of ninmnnilion ohlnined from salvage o| tern I ions.

«. Other sources of regulations concerning packing will he found
in tlm various Technicnl Miiimiils nnd Kcgulntions, Standard Nomen-
clature Lists. Ordnance Field Service Bulletins of Scries 3, Ordnance
Safely Mnnunl O. O. 725M, Alt Sill 1270 (shipments hy water), and
U. S. Army sjieeific«lion 49.0 7 (general packing s|wcificnlions).

136. Sealing.—Packings an* sen led for nirlighlncss hy closing the
lest hole of airtight cnrloiiM, conlniners. or CHSCH with solder or a plug.
Each container, after the contents are pro|>erly pncked, is sealed in
some nmnner which will indicnle whcllu'r or not the container has
heen InmjmiiMl with. The method of sen I ing depends ii|Min the ly|K>.
and construction of the conlniner. Where metal strapping is used
around hoxcs, pa|ier senls nrc nol necessary and will not be used in the
future.

137. Marking.—a. On am munition item*.—(I) As few mnrkings
ns p<issil»le for positive identification nre used on ammunition nnd its
components. Such items as calihcr and type, model or mark number,
zone innrking. lot munlicr. year of loading, ami initials or symbols of
loading plant arc stenciled on nmniunit ion nnd its components. Colors
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are used to indicate (lie type of ammunition. In general, two systems
of color markings are employed, one for small-arms Ammunition and
I ho other for all oilier types of ammunition, including artillery and
mortar ammunition, bombs, grenades, mines, and pyrotechnics.

(2) Armor-piercing cartridges are identified by tho blackened point
of the bullet. Tracer cartridges are identified by the colored lacquer
or stain on the |>oint of the bullet. Otherwise, small-arms ammunition
is distinguished by the colored bands marked on the packing boxes
which nre listed in paragraph 67.

(3) (a) Whereas small-arms ammunition is not marked by paint-
ing, except in tracer and armor-piercing cartridge typo, all other am-
munition is pninted or indicated as to the type of filler according to
I he basic color scheme.

(b) Igniters for propelling charges and primer-detonators for
bombs are located by a red mark on the packing.

(c) In complete rounds in which two alternative complete pro-
pelling chnrgcs are provided, tho profiling charge bag for inner rxnies
is dyed green; that for outer rones is while.

(4) For other markings on ammunition, see previous sections of
this manual and other Technical Manuals on ammunition.

b. On containers.—(1) AR 80-965 contains general regulations gov-
erning the marking and shipping of military supplies. AR 80-1270
contains regulations on packages to be shipped by water and also ft
list of shipping names; a compilation of such a list of shipping names
will be found in OKH13 9-12. U. S. S|>ccification 100-2 also contains
regulations for marking containers.

(2) With certain exceptions given in All 30-955, each package of
supplies turned over for shipment on a Government bill of lading
is marked with—

(a) Name and address of consignee.
(b) List and description of contents.
(<?) dross weight in pounds, displacement in cubic feet
(rf) The number of the package.
(<?) The letters "II. S. W. D." in several conspicuous places.
(/) Order number, contract numlier, or shipping number.
(g) Ordnance insignium and escutcheon.
(A) Nnme or designation of consignor preceded by woitl "From."
(t) 1 jot number.
(;') Month and year pncked. ;
(k) Inspector's stamp.
(3) Mnrkings on boxes, barrels, or crates are made in stencil black or

stencil white, whichever is more appropriate. In rasa of small-arms
ammunition, where the box is painted brown, the marking is in yellow.
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When if is impractical t«» stencil or pnint the markings on (ho con-
tainers, or whenever a container in not used in shipping, nt least two
shipping tags hearing markings should he used. Tho shipping tngs
mny be of cloth, lenlher, melnl, or waterproof paper. Hie tngs lieing
attached to the article- by wire. '1'lie use of writing ink, chnlk, or
inn iking material other thnn wnlerproof ink or pnint is prohibited.

(4) The use of certain conspicuous nnd distinctive- labels is required
by (he regulations for container*. Thoy nre fnrnisheil, on requisition,
by The Quarlermnsfcr (Jcnernl nnd must be attached before delivery
tothecnrrier.

(5) Often the color distinguishing n pnrticulnr kind of ammunition
is also indicated on the IHIX or container. Boxes or rontniners for green
bag profiling charge, white, bng propelling charge, or section of pro-
polling charge containing (ho blnck jwwder igniter, nre painted wilh
green, while,nnd red slri|>es, ii-s|)ectively. Boxes for Iwimlis are (minted
with slri|M* around Ihn renter nnd on each end nccording to the color
scheme in paragraph 8. The adhesive, sealing strip on fiber containers
containing complete rounds of low explosive inorlnr nininiiniliou or
shrnpncl in colored red to indicnle the presence of blnck powder; (lint
on containers of II 1C shell is yellow.

(0) Before issue of small-arms nmmunilion, it must be identified by
type- nnd lot number from the InMs of the originnl packages. Colored
bnnds, pninled on the sides nnd ends of (he packing boxes, identify the
various ly|ies of small-aims nmmunition. The color bunds used nre
listed in paragraph 57.

138. Lot number.—a. An important pnrt of the marking for
mililnry explosives nnd ammunition is (ho lot number. The lot number
will always np|H>nr on the confnincrs and dnln cards and whenever
possible on the nnunmiition itself.

b. Lot numbers consist, of letters nnd figures which represent the
initials of the manufacturer or loading company, (lu> number of the
War Department procurement order, (he serin I number of (he lot, and
in some case (ho date. Variations from (his general scheme will hi
noted, ninco it is not prnet icnble to use t he same system of lot numbering
for all kinds of explosives nnd nmmunition.

<?. Tho identification of mililnry explosives nnd nmmunition by lot
number is essential for surveillance. It is (ho means by which stocks
nre conserved or utilized to the liest advantage, and defective or dete-
riorated nmmunilion is withdrawn from service. It is nlso used in
selecting nmmunition for issue, liccniisc the ballistics or |ierformnnce of
ammunition when fired mny vary from lol in lot. See discussion of lot
numbers in paragraph 7.

130. Data card.—The data card gives nil the necessary informn-
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(ion for proper nnd complete identification of the item or component.
Data cards nre prescribed for use with all items of ammunition con-
taining explosives, except explosives in bulk. They are usually required
by specifications for nonexplosivo materials procured for use with
ammunition. The 6- by 8-inch data card is plnced in every box (two
in metal-lined boxes, one inside and one outside the liner) and one
attached to every crate or large item inclosed in a crate. Externally
attached cards, which might be ex|)osed to the weather, are inclosed in
a waterproof envelop. Ammnnitipn data cards nro prepnred in quad-
ruplicate for each lot of loaded projectiles. The preparation and
distribution of ammunition data cards will be found in OFSB 8-2.
In the case of separate loading propelling charges, a linen tag contain-
ing similar data is attached to the charge in lieu of a data card.

SECTION V
SHIPPING

(Imicrnl_....__—...—————————————-————————-——-—— MO
Itcgulntloim mid rcfcminoi on tr*u«|iorlntl<m————.......————————— 141
Hull fllil|iincntn___._————————————————————...———————— 142
Water Alit|Mneiitit——.——————————————————————————————— 148
Motor Imck shipments———————————————,——————————————— 144

140. General.—This section contains special .regulations for the
shipping and transportation of explosives and nmmunition. Tho gen-
eral regulations are contained in AH 80-050.

141. Regulations and references on transportation.—a.
Compliance vnth laws and regulation*.—Shipments of explosives and
ammunition made by Military Establishments will comply with In-
terstate Commerce Commission regulations, port and harbor regula-
tions, State and municipal laws, and Bureau of Explosives recommen-
dations. Difficulties encountered in complying with the above will-
bo reported in detail, through channels, to the Chief of Ordnance.

b. Interstate Oomtnero* Commission regulation*.—(t) Tho trans-
portation of explosives and other dangerous articles within the limits
of the jurisdiction of the United States is regulated by Federal law,
net of Mnrch 4, 1009, chnpter 821, sections 232 nnd 284 (35 S. 1134),
ns amended by the net of March 4, 1021, chapter 172 (41 S. 1444-
1446), and the Dangerous Cargo Act of October 9, 1040 (Public No.
800, 79th Cong.).

(2) Section 233 of the above-mentioned act reads ns follows:
The Interstate Commerce Commission shall formulate regulations

for tiro safe transportation, within (lie limits of the jurisdiction of the
United States, of explosives and other dangerous articles, * * *
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which shall be binding II|HHI nil common rnrrirrs engaged in inter-
state or foreign commerce which | I IHIS|MM( explosives or other dan-
gerous articles by land or water, and U|mn nil sliipjx'rs milking ship-
ments of explosives or oilier dangerous n Hides via iiuv common cur-
rier engaged in interstate, or foreign commerce by Inml or water.

(3) Section 2.15 of (he act of Mnrrh 4. 1021. requires (he shipper of
explosives and other dangerous articles to describe, park, and mark his
packages pro|M>rly. nnd to inform the agent of the carrier in advance
of Urn true nature of their contents.

(4) Section »J2 tif the act of March 4, 1021, provides that it shall lie
unlawful to lrans|Mirl certain explosives on any ear or vehicle of any
description operated in the lniiis|H>rlnlion of passengers by a common
carrier engaged in interstate or foreign commerce, which car or
vehicle is carrying passengers for hire.

(5) The Interstate Commerce Commission TurifTs No. 3 nnd No. 4
contain the regulations for the transportation of explosives and other
dangerous articles by water on freight and freight-and-passcnger ves-
sels and by land on freight, express, and hnggage rail services, res|>ee-
tively. Tliey mi- also known as Agent W. H. Topping's Freight Tar-
iffs Nos. 3 and 4. Supplements and reissues arc published from time
to time. The regulations governing the trans|mrtation of explosives
and other dangerous nHides by motor vehicle on highways are pub-
lished in Interstate Commerce Commission Motor Carrier Safely Reg-
ulations, Revised, Part 7.

e. Nuivnti of /sV/i/fw/wr.—-Section I, pnragraph 6, of the Interstate
Commerce Commission regulations covering shipments of explosives
and other dangerous art ides hy rail, reads as follows:

The service of Hie bureau for the safe trans|»ortnlioii of explosives
and other dangeroim articles, hereinafter en I led Bureau of Explosives,
will be utilized by this commission in the execution of these regula-
tions. This bureau will make ins|»cclions nnd conduct in vest ignl ions,
and will confer with mnnufnctiirerM and ship|«ers with a view to de-
termining what regulations will within reasonable limits afford the
highest degree of safety in packing and preparing these dangerous
articles for shipment aiid in transporting the same. The commission
will avail itself of Hie. expert knowledge thus developed, and in formu-
lating amendments to these regnlntions, while not iMiund thereby, will
give due weight to the exjierl opinions thus obtained.

The Bureau of Explosives was organized in 190G by the American
Railway Association. Nearly all common carriers arc memliers of
the American Railway Association nnd comply with the rules and
regulations issued by the Bureau of Explosives. Inspectors of tho
Bureau of Explosives are stationed throughout the country to ob-
serve, investigate, and report U|HW shipping methods, and common
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carriers utilize the services of the inspectors of the Bureau of Ex-
plosives to enforce regulations, to approve methods nnd pi-notices,
and to assist shippers. The nnine and address of the nearest Bureau
of Explosives inspector can be obtained from tho local railroad ngent,
or hy writing to tho Bureau of Explosives, 20 Vcscy Street, Now York
City.

d. Staff and municipal knot, ordinance*, and regulation*.—In ad-
dition to the Federal laws governing interstate iratmjmrtntion of
explosives and other dangeroim articles, each State and nearly alt
municipalities have laws OP ordinances regulating the* transportation
of explosives and other dangerous articles within their jurisdiction.
Thn harbor regulations of tho port of New York or |iort of Baltimore
and city ordinances requiring motortrucks or wagons carrying ex-
plosives to display a red flag of placard are examples of such State
and municipal laws and ordinances.

142. Bail shipments.—a. The Interstate Commerce Commission
regulations which govern the transportation of explosives and other
dangerous articles by rail are essentially safely regulations and de-
scribe in detail how such shipments will be handled, loaded, braced,
and stayed, and placarded. (See also Alt 30-055.) Bureau of
Explosives Pamphlet No. 6 contains data, photographs, and draw-
ings of recommended methods of bracing and staying shipments.
These recommendations, .although for commercial explosives and
other dangerous articles, can be readily adapted to military, explo-
sives and ammunition, and will lie followed when a method such as
that sot forth in U. S. Army Specification No. 60-21-4 is not prescribed.
See figure 05 for a method of packing projectiles in freight cars.

b. When making shipments of explosives and ammunition by rail,
Bureau of Explosives pamphlets should be consulted for ideas as
to piling and packing, and Interstate Commerce Commission regu-
lations for information as to legal rcqiiiremonls. Thn cargo should
bo studied and decision made beforehand how it may licst bo stowed.
Tho car best suited for the needs at hand should be ordered. When
the car arrives, it should be given a thorough sweeping and inspected
for protruding nails and bolt heads, which must be removed or
covered with wood. The sides of the car should bo boarded up
where necessary to obtain an even bearing and pro|>cr dunnage (see
Bureau of Explosives pamphlets). Substantial gangways should be
provided; obstructions which may prevent free entry to tho car re-
moved; tho immediate vicinity cleared of leaves, dry grass, and other
inflammable materials; and the brakes set and wheels chocked. Dur-
ing loading operations, tho car and magazine doors should be closed
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when engines or speeders arc pnssiug. On IK should not !K> left pnrtly
londcd, unless impossible |o finish londing nt one lime, in which mm
car doors must ho securely locked. After loading, the shipment
Khotild IK* projierly hiiiced nnd stayed, the cm* piii|H>fly scaled nnd
placarded, ami a |>crmnncnl record of cnr numbers kept. In unload-
ing cars the nnme safety preeniilions thai, have IMHMI oullined nl»ovo
should In- observed. AH ears that hnve continued explosives should
he carefully swept nnd nil plncnrds removed. Sweepings should ho
thrown in running water, hnrneil, or plnced in n metal receptacle, for
Inter dis|xisition. All shipments received in n hndly damaged con*
dilion should IIP re|H>rleil through chnnncls lo (he Chief of Ordnance,

e. Interstate Commerce Commission regulations re<|nire. the nso
of a "certified car" for shipment of explosives. A "cur certificate"
nmst be digued in triplicate by n representative of the carrier nnd
of the ship|)er nfler the shipment is loaded and pro|>erly braced.
Two of these must lie attached outside of the car doors or Jo (he aides
of (he ear, one on ench side, in addition to nny explosives placards.

d. Dangerous explosives must, not lie trtins|>orled in any self-pro-
pelled car operated by electric or other motive power if such cnr ifl
carrying passengers.

e. Loaded rnilrond en in will mil he left in the open arcn between
inngn7.incR, as they may act ns an intermediate step in pro|Hignling an
explosion.

143. Water shipments.—a. Inters! ale. Commerce Commission
Freight Tariff No. 8 preserilies regulations for the lrnns|tortnlioii of
explosives and other dangerous articles by water on freight and
freight-and-passenger vessels. Oilier regulations that apply arc port
and harbor regulations of the various cities and States affected and
regulations of the cnrrier, usually I he Qunrtcrmnstcr Corps or the
Navy Department.

b. When shipments of explosives nnd nmmnnilion are made by
water, the local |mrt regulations regarding the handling of explosives
should he studied and the regulations for (onnnge, lights, open fires,
Moves, mixed loads, lugs, anchors, He., complind with. When equip-
ment for shipments is chartered, the equipment should be passed upon
by pott authorities In-fore it is accepted for use. During loading, the
safety trgnlntioiis for open fires, stoves, pisoline, mutches, smoking,
etc., will Im strictly complind with; decks, runways, nnd docks should
1m free, from dirt, rubbish, nnd spilled explosives; nnd |>crsonnel should
handle explosives nnd ammunition with cnre so ns lo nvoid dnngcr
nnd damage to the shipment. If the londing is not completed during
the day, proper precautions will !M>, tnken lo gnnrd nnd protect the
shipment against fire and a suflicicnt crew will bo left in charge to
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handle the boat, in ease of emergency. Explosives or ammunition
should not he left on a dock or elsewhere unless delivery is made to
authorized persons or explosives left under proper gnnrd. Explosives
and ammunition must not bo left on hoard boats overnight unless such
action in ini|)crntivo incident to their transportation. Lighters should
not be tied up to thiil. part of a vessel or dock where the firerooin or
(toiler is located. Explosives should he kept as far away from engine
and boile.r room as possible.

0. The use. of oil- or chemical-burning lamps or lanterns is pro-
hibited in the neighborhood of explosives. Only electric lanterns will
be used when a movable artificial light is necessary. In port and star-
board lights nnd other such necessary signals, oil-burning lights are
permitted; these should be plnced, removed, nnd filled by a responsible
officer, who should see that they are not brought in contact with ex-
plosives or do not introduce fire risk to the boat or barge. Storage
of paints, oils, varnishes, or other inflammables is prohibited on any
boat or barge used for explosives or ammunition. Such oil as is
necessary in connection' with the mnchincry of a boat must, be kept
under the. direct charge of the chief engineer, nnd only a day-to-day
stock permitted. Oils used for signal lights and in living quarters
must be kept tinder lock and key, and should bo in direct charge of the
officer in charge of the lights. Oil must not be put in or removed
from this compartment nt night. If oil accidcntly gets on the floor,
it must, ho immediately swept up with sawdust and the sweepings
thrown overboard.

d. No explosive will be placed on board nny vessel until all the other
cargo has been placed aboard. As far as is practicable, the necessary
work in the construction of floors, magazines, partitions, etc., or for the
removal of any combustibles from that part of the hold in which explo-
sives arc to bo stowed, should,be completed before loading of the explo-
sives is commenced. All rubbish, shovclings, old oil, paint cans, oily
rags, rope ends, etc., must be cleared out of the hold. Floors must be'
kept broom clean. All decks, gangways, nnd holds over which explo-
sives must lie passed in loading must be freed from all loose metals or
tools, and carefully swept before loading is commenced and after
loading has ceased.

«. The hatches of the vessel will be kept closed except during the
loading nnd unloading of the vessel, and when so closed will be covered
with tarpaulin battened.

f. Lighters, barges, scows, and all tugs engaged in hauling vessels
loaded with explosives must have their funnels or smoke stacks covered
with screening of suitable size to prevent the exhaust of sparks and this
screening must be renewed whenever it is broken.
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g. Mngnzincs (cargo ppncc) fur explosives must hn lined entirely
with wo«id nut less Ihnn 1 inch thick, nailed with ccment-conled nnils
with Ill-mis countersunk. Metal obstructions or const ructions within
HIP area (if (hi* mngnKinc must !H> entirely covered with wood, nailed
an input ioned above.

h. Kxphwivcs awaiting removal or delivery mnsl ho stored outside
the dock or wharf when practicable and every possihle effort must l»
made lo reduce tin* limp of this storage. Explosives lield for delivery
or londing mnsl he in a snfc place, and nwny from other dnngcrons
articles.

i. All packages of explosives must be hnndlcd cnrrfnlly. They must,
not l»e thrown, dropjied, or unnecessarily dragged, rolled over each
other or over decks. Portions of metal decks or exjxiscd metal objects
and surfaces mnsl be covered with wood, cnnvns, or other material that
will lend In prevent the occurrence of spnrks. When explosives cannot
he transferred hy hnnd or chute, transfer must IK* made hy mechanical
hoist* nnd special crnle or Imsket. If slings arc needed, those, entirely
of rope will lie used. Packages conlniningexplosives must he so stowed
and stayed in the lockers, compartments, or inn pi zincs of vessels that
they will not shift in any direct ion. Broken or scriqnsly dnmagcd
packages will not IK* accepted for tntnsportalion. Repacking will not
lie done on or nenr any vessel, Imrge. lighter, or scow hnving explosives
on board. Any explosive HIM I hns esca|>cd from a broken or otherwise
defective package will IK- innneilinlely swept np and removed to a safe
place.

j. Transportnlion of explosives, except smnll-nrms ammunition,
On shijw en frying pnssengers is prohibited.

144. Motor truck shipments.—a. Transportation of explosives
and other dangerous articles hy truck is covered hy chapter 7, Inter-
state Commerce, Commission Motor Carrier Regulations. Such of
these regulations ns are applicable will he complied with. Nearly
all states, cities, towns, nnd villages nlso bnvc Inws governing the
transportation of explosives and other dnngcrons articles within their
jurisdiction. When ninking shipments of explosives and ammunition
by motor, locnl civil authorities of (he cities nnd towns through which
the explosives and nninmnition tire to IK* trnnsported should be con-
united nnd their rides anil regnlnlions for the transportation of explo-
sives nnd ammunition sir icily, observed. Their recommendations as
to the best route to follow should lie obtained so ns to nvoid congested
areas. If coinplinnce wilh these Inws is manifestly impractical, then
the mnHer wil l lie referred lo (lie Chief of Ordnnncc for decision.

A. Except in cases of emergency, no explosive materials or ammu-
nition containing explosive elements, except small-arms ammunition,
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will bo shipjwd by motor truck without prior approval of the War
Department. The intention is to avoid shipping hy truck all types
of explosives and ammunition, except small-arms ammunition,
where rail or water transportation is available. However, this regula-
tion does not apply lo local or nearby hauling, delivery, or movement.

0. Explosives and other dangerous articles will not bo shipped by
any commercial highway carrier, nor will local drayage thereof by any
commercial concerns be engaged, unjess the carrier or drayago concern
files a certificate with the quartermaster arranging for such service
that said carrier or drayage concern will comply with all laws and
regulations promulgated by Federal, State, and local governments and
municipalities that may be applicable to and govern each particular
shipment of explosives and other dangerous articles.

d. If shipments of explosives, toxic gases, and other dangerous
articles are made hy United States Government operated motor ve-
hicles, the shipping officer will take all necessary and reasonable pre-
cautions to insure its safe transit. Except in time of emergency, the
shipping officer will bo responsible that all Interstate Commerce Com-
mission regulations governing the transportation of explosives are
observed. In case of emergency, so declared by any commanding
officer of an arsenal or depot, or a general or field officer of the line,
the shipping officer will take every reasonable precaution to insure
safo movement of his cargo of explosives, toxic gases, or other danger-
ous articles while in transit by motor vehicle on Government reserva-
tions and on the public highways.

e. Every precaution against fire should bo observed. Trucks should
' be ins|icctcd daily to see that electric wiring, lights, brakes, gasoline
tanks, and lines are in good working order; tlte engine clean of dust
and oil, and the engine pan free from accumulations of dirt and grease.
The splash of oil or grease from the universal joint, transmission, or
ol her moving parts onto the under side of footboards or body of the car
should be cleaned thoroughly after each long trip or day's work. I^eak-'
ing gasoline tanks or lines should be repaired immediately, and lighted
cignrettcs, pipes, and open lights kept away from the vicinity when
filling gasoline tanks. Where necessary, safety matches may be used.
They may bo kept in a metal container in the tool box. Use of strike-
anywhere matches is prohibited. The amount of waste in tlm truck
should he kept to a minimum, and oily and clean waste separated. •,
Trash should not bo permitted to accumulate in the tool box. All
trucks will In provided with at least one properly filled fire extin-
guisher. All drivers and other employees should lie instructed as to
the. Iwst method of extinguishing gasoline fires with Pyrcno and should
be impressed with Hie fact that in nearly all cases there is time to
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cxlinpnish n fire, ns if dikes nil nppirciiiMe lime In lion I mnmnnition to
tho poinl w IMMV i(. will explode.

/. When explosives nnd nninninilion nrc being I rnnspnrlcd by n con-
voy (if trucks, (he trucks slionM no( IHM-OIIIC widely scpnrnled hilt n
snfe disjunct- should |N< inninliiincd l>el«wn them so ns lo avoid
dangr-r of collision. Tin* convoy should IK* slnpficd once each hour
during (he (rip In ins|>ccf cnch Irucklnnd. Slops should not lie made
within or close, (n the limits of cities, (owns, or nmnicipnlitics, mid
in driving Ihrmigh (owns nnd cities congested streets should Im nvoidi'<l
ns nincli ns pnssihle. A moderate s|>ced should lie innintnined nnd llu>
truck kopl under con!nil. A full slop is required at. rnilrnnd cross-
ings. No unnulhnrized [wivou will lie |>crniillcd In ride nn (rucks.
If a Imrk enlches fire. Ihe nfhrr (rucks will proceed In n wife distance
(out nf Ihe zone of dnngcr in case of nn explosion) nnd guards will lie
posfed n( n dislnnce nf several hundred ynrds on ench side nf Hie
truck In slop nil Irnflic. If n (ruck luniks down and il cannot lie towe.d
lo Ms doslinnlion by nne nf (he oilier (rucks, a gunrd of (wo men
should IN* (Misled nnd the post (n which lh«> convoy is proceeding should
he nolified so thnt a (ruck cnn lie dispntchcd nl mice with londing per-
sonnel lo relieve Ihe disnhlcd truck nf its loud.

ff. Fuzes or other dclonnting ngcnls should mil lie transported with
nther explosives, except nnituunilinn fur cnnnon shipped with fuzes
or boosters nssemhled. The lond should lie well braced nnd stayed and
tarpaulins nvnilnhle lo prnlecl Ihe 1<»ad from Ihe wen I her or from sparks
from pnssing locomotives. He. Explosives and nininunilinn should not
be unloaded or piled immcdinlcly buck of (he exhiinsl. This rcguliitinn
is intended In apply lo bulk shipments of nninninilion by niolor truck
and is nnl inlended In prohibit (he curry nip of complete rounds nf
artillery nninninilion. including fuzes nnd primers, in nne vehicle by
comlmt units. Nn regulations will he cnnslrued tn prohibit the cnrry-
inp of complete rounds of nrlillerr nmmunilion, inclndinp fuxes and
primers, in nne vehicle by comlml units.

h. When Irnnspnrtinp artillery nmmnnilion, all projectiles should
bn Inid nn (he side insleiid of nn Ihe hnse nnd with the sides nf the pro-
jectiles pnrallel to Ihe side of the (ruck so thai the projectiles will not
roll bnck nonius! Ihe (nil jrnle of (he truck nnd dnintifre il. If il is neces-
sary to plncc more Ihnn one Inyer of projectiles in the truck, strips nf
plnnkinp slinitlil lie placed over the first Inyer of projectiles lo protect
(he minting bnnds from becnmiiif; ileformed throiifrh contnct with olher
projectiles when the truck is in motion.

t. No cnnlniuer of cxpNisive or other dangerous article mny bo
nccepled for Irnnsporlnl ion by n motor carrier if it is in a leaking condi-
tion, or in such a condition as lo mnkc leakage possible, except us pre-
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scribed in Interstate Commerce Commission Motor Carrier Safety
IteRulntions, Revised, Part 1. These motor vehicle regulations are
subject lo further limitation with respect to transportation by water,
espccinlly of leaking containers. Any package of explosives found
injured or broken in traitsit may lie repaired when this is evidently
practicable and not dangerous, and must be done in accordance with
tho best and safest practice known or available, and at least 100 feet
distnnl. from other explosives or ammunition. When a box containing
any explosive is so damaged that it cannot be repaired, it should be
reinforced by stout wrapping paper and twine, placed in another strong
box, and surrounded by dry fine sawdust, or dry and clean cotton waste,
or elastic wads made from dry newspapers. The box cover should then
be securely attached. When any package is found to be leaking or
dnmnped and cannot be recoopered, it may not be transported beyond
the minimum distance necessary to reach a place where the explosive
may be disposed of with safety.

;'. Hie proper signals, reflections, and portable lights and reflectors
must bo carried, by motor vehicles. All fuel tank inlets shall be
equipped with a device to relievo internal pressure. Exhaust pipes
will lie protected by a properly constructed flame baflle. The floors of
all vehicles must be tight and exposed metal on the body covered or
protected with wood or other nonmetnllic material. Motor trucks con-
taining explosives will never be taken into a garage or repair shop for
repairs or storage unless it is an open, sunshade garage where no open-
flame lighter or burner is in use. Explosives, when possible, will be
transported during daylight. When artificial lights are necessary, only
approved electric lights or electric lanterns may be used.

k. Before any explosive is loaded into or unloaded from any motor
vehicle, the engine of the vehicle must be stopped and the brakes set.
For any continuous trip longer than 8 hours, the driver must bo accom-
panicd by an assistant. Every shipment of dangerous explosive will
bo delivered only to a person authorized to receive it, except such ship1-
incuts as are placed in magazines which are immediately thereafter
locked.

1. Loaded trucks will not be left in the open area between maga-
zines, as they may act as an intermediate step in propagating an
explosion.

m. Prcscril>ed markings on motor vehicles carrying explosives or
ammunition will be by means of signs or lettering on each side and
the rear of tho motor vehicle in letters at least 8 inches high on a
background of sharply contrasting color.

n. Kefuclings should be reduced to a minimum. The electric igni-
tion system should be turned off and the engine stopped during the
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refueling process. If the engine is provided with a mngnoto, il should
be grounded.

o. Every motor vehicle will have pneumatic tires.
;>. In case of Accident, all unbroken packages nnd ns much of

iiny broken pnckngcs ns possible will be carefully gnthered and removed
lo n plnco of safety in order to prevent fire or explosion. Cure should
lie taken not. to produce sparks. In the event that a motor vehicle
is entangled with another or with an object or structure, no attempt
will l»e iniido t.o disentangle the same, until the load is removed to a place
200 feet from the vehicle or any habitation. Inhabitants and other
Vehicles will bo warned of danger.

. SECTION VI
PRECAUTIONS FOB PRACTICE FIRING

runup*ph
(Jpimrnl____.______'................................______— 146
General prccniitluim In-fore firing.———————————.———————————— 146
General procntilluim during nnd after Drlng—————......——._————— 147
Bmnll-nrnin ninniniilllon———„——.———————————„——————————— 148
Artillery ninmnnltlon ———___—————————_--____...————_— 140
lilnnk nmtniiiilllnn___.._______i—_—_—_______________——; 1BO
Pyrotechnics, grenade*, nnd chemical •liimunltlon.......——_—————— 151
Pombs__.__——__——___„_—_————_„___————_—— 152
Morlnr nmmiuiUlon ——————————————————_____————————— 168

145. General.—Specifications, standards, nnd limits of precision
ni-o prescribed for the manufacture and preparation of ammunition.
In spite of this, inherent limitations exist and malfunctions of ammu-
nition mny occur. The immediate problem is to prevent the oc-
currence of malfunctions wherever possible, to minimize the effect
when they do occur, nnd to proflt by such expericnco by avoiding the
same or similar malfunctions in the future. The general safety pre-
en ul ions, Reel ion I, should be observed wherever applicable. The reg-
ulations and precautions given in chapter 2 for the use of each type
of ammunition will be observed.

146. General precautions before firing.—a. Status of ammuni-
tion lot*.—A check should be made to determine the status of the lot
of Ammunition which it is intended to issue. Ammunition should not
be fired if the lot number is not positively known. If defects which
may n fleet the safety nnd functioning of (ho ammunition are found
in a lot which is graded ns being suitable for firing, a prompt report
of the condition will be submitted to the corps area or department
ordnnnre officer. Firing of that lot of ammunition will be suspended
ponding instructions from the proper ordnance officer. If malfunc-
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(toning of I lie lot. of nmmnnilton occurs- during firing, n prompt report
will be made ns presrrilied in Alt 45-30 nnd the firing of tlmt lot will
bo susficndcd pent I i up directions from the oflice of the Chief of
Ordnnncc.

ft. Atfrnitirni* and mlmlittithnx.—Any alteration of londrd ammu-
nition, except in nceordniice with s|tccific instructions from the Chief
of Ordnance, is hnznrdon* nnd is therefore prohibited. Serious nnd
fntnl accidents hnve resulted from substitution of propelling charges,
filers, primers, nnd projectiles nnd from (he local prepnrntion nnd
loading of practice nnnnnnition. including grenades, pyrotechnics, etc.

0. Placing am-n»uiilinn.—All nmmnnilion nl the firing point, will
bo so plnced ns to minimize the (inssihility of ignition, explosion,
or detonntion in case of accident nl the pun jMwilion. It. should l>n
in n dry plnrn nnd protected from (he direct rays of the mm by Inr-
pnnlin or other covering. There should lie nmple circulation of nir
through nnd on nil sides of the pile. Erratic ranges nnd dnngerousiy
high pressures mny result Itemize of overhenled nmnmnition. While
phosphorus shell will lie piled nwny from personnel shelter nnd other
nmmnnition in n space den rod of nil combustible mnlerinl. All com-
ponents in the field should lie stored separately nnd in smnll nmounts
so as to minimize danger from accidental burning of powder cr
dc.tonn(inn of projectiles, fuzes, nnd primers. Chcmirnl nmnmnition
is stored nwny from other types of iimmunilion.

d. Safffif ennrx.—Dntn for delimiting safety zones for ranges in
firing smnll arms, nrlillery wenpons, nnd chemicnl wnrfnre weii|Mins
will be found in A U 750 10.

e. ftmnkintf.—Smoking by anyone handling, or in the vicinity of,
explosives or iimmunilion is prohibited.

/. Light*.—Use of mi)' lights, other (him npproved Innterns or
flashlight*, in the vicinity of explosives or nmmnnilion is prohibited.

g. f/nniffing.-—Care should be (nken not to drop projectiles, powder
containers, or fuse or primer (Mixes. Projectiles should not lie al-
lowed to strike together. All snfely precautions in bundling iimmii-
nition given by Teehnicnl iMnminls nnd regulations nnd other sections
of this mnnunl will IK- rigidly oliserved.

h. Packing*.—Moisture-resistant senlsof pnckcd nmmnnilion should
not be broken until the nmmunition is ready to l>e used. Hounds
should not.be withdrawn from conlniners until they nre rendy to bo
fired, unless the nmmunitiou is to be londed directly into the cnisson.
Fuse covers on powder lime (rain fii7.es nnd safety devices on fuzes
will lie removed just IK-fore firing nnd nt no other time. Components
of rounds prcpnrcd for firing but. not fired will be returned to (heir
original packings and appropriately marked and resettled. Such
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components will be, used first in subsequent firings, in order that stocks
of opened packings may be kept at a minimum.

i. Cleanliness.—The complete round or each component should be
inspected by a member of the gun crow for burs, (touts, gravel, dirt,
grease, etc., before loading into the gun. A cloth should bo kept
bandy for wiping off grease, dirt, and foreign matter. Ammunition
must IMS clean and free from dents before it is placed in the breech
of the gun.

147. General precautions during and after firing.—a. De-
fect* and malfibictionlngt.—AR 45-4)0 provides that all officers having
charge of firing must, make a report to the local ordnance officer ol
any ordnance materiel issued to tho troops which malfunctions in firing
or reveals defects either in firing or in storage, including such mal-
functions nnd defects as are noted in target prnctico reports. It is the
duty of the local ordnance officer to investigate all cases of malfunc-
tioning nnd defects oliserved by him or reported to him and to report
serious cases to the Chief of Ordnance through the corps area ordnance
officer. Whenever an accident occurs which results in injury to per-
sonnel or dnmago to materiel, the lot of nmnmnition will bo suspended
from use nnd an immediate report will be made directly to the Chief
of Ordnance by tho ordnance officer under whose supervision the mnt6-
riol is mnintnincd or issued. Ono copy of this rcftort will bo sent to tiro
corps area ordnance officer. Accidents of a serious or potentially seri-
ous nature require rc|mrting. by tho quickest menus of communication
available. Until the arrival of an investigating officer, all evidence
will be carefully preserved and, insofar as is practicable, will bo left
undisturlicd.

b. Protection to personnel.—Whenever high explosive ammunition
is fired, proper precautions will be taken to insure protection of all
|>ei-sonnel against premature burst, as prescribed in AR 45-80. AR
7RO-10 gives (ho regulations and details for protection of persons in
the. vicinity of tho firing point. Any individual in tho military service
who observes a condition which makes firing obviously unsafe will
iinmcd intely give the command OEASR FIRING. I f at a distance from the
unit firing, he will make the prescribed signnl therefor. No lothnl or
toxic gns will bo used for training purposes in time of pence. When
chemicnl ammunition other than smoke is fired, all persons will bo
provided with gns masks. The firing of shell and shrapnel over the
bends of unprotected personnel in time of pence is prohibited.

c. Firing through frees.—When firing nmmunition from a mask of
trees, n premature burst may result if a fired shell or shrapnel strikes
the branch of a tree. The striking of even a twig by n shell fitted with
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n lime fuze iniiy result in n derangement «f tin- selling ur deformation
of n lime ring still'ic'icnt In rnnse n premature hurst.

tf. AW*.—A dud is n dischnrged Itnl uncxplodcd bomb, projectile,
ur grenade. It tuny result from defects in I In- fuse, booster, or charge;
Km unscrewing of fuaes in flight; ur Hie ehnrnetcr of llu< ground nt
Hie. (mint of impact. Whenever n dm! run )H> rendily located nnd ex-
nmined without moving it, nn effort should !N> niiule to determine the
caiiKC of the fniliire. A dud in itself is n source of danger, nnd if im-
pro|N»rly hnndled mny result in nn explosion with injuries to personnel.
A compnrnlively slight blow or In riling of the dud mny enuse it. to
explode nl nny lime. Duds should he destroyed in plnee: Tor method*
of destroying see chapter 4.

148. 8mn.ll-n.rms nmmunltlon.—it. Before issuing small-arms
niiimmiilion of nny lype. it. will he exnmined. The procedure for
cxnininnlion nnd I lie defects to look for will he found in TM IM090.
OF8II fl-5 eonlnins essential informntion eoni-erning the grading of
sinnll-nrnis nmmunilinn nnd (he disposition of Tired components and
unscrvicenhle. smnll-nrins nmmunilion. Ixits baring more Ihnn fi |>er-
rent of defect ire cartridges will IM- subjected to KM) percent ins|MTlion,
defective rounds culled out. the servirenhle cartridges repncked prior
lo irmw, nnd rejwirt niiule lo the Chief of Ordunnce. Nonnnlly. smnll-
nrms anununilion, unless it tins Ix-cn stored for n cousidernhle |>eriod,
will luire. no visunl defects, nnd nny nmniunition baring less thiin 5
|w*rrent visiinlly defective rounds may !M» issued without HH) percent
iiispiTlion. If 20 |N>rci>ut i»r more nre defective, I he. lot is wilhdrnwn
from service nnd held for disposition. The jiosl ordunnce. officer
pliould see Hint the !IIMI|IS nre instructed ns to the kinds of visible de-
fed 3 which cnn he rendily detected nnd the correct niniiner in whic.h
to cull nmmunition. Pnrliculnr at lent ion should be pnid to incipient
crack* which nre. not ensily detected unless the thuiiih is pressed
npninsl the. bullet, thus exposing the crack in the curl ridge ense. De-
fect ive enrlridges will lie considered nsgrnde !l nnuuuniliou.

6. Since different types of smnll-nrms itnnnnnilion nre of similnr
np|H>nrnnce. this kind of nmmunilioii wi l l IM- strictly checked from the
markings on the pncking.

c. lllniik cnrlridgcM should not IM- lired nl n represent nlivc enemy nt
distnnces less I him 2(1 yiirds, ns the wnd or paper cup mny fiiil to
bi-cnk up.

d. (1) For procedure in the event of nn nppnrent misfire see pnrn-
grnpli 50ff nnd b.

(2) When n hnngflr< occurs in nny lot, its use should be sus|tended.
nnd n re|x»rt mnde to the post ordnnuee oflicer, giving the number of
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tbe lot involved. The nmniunition lot thus affected will be withdrawn
nnd replaced by serviceable ammunition.

e. When n bullet lodges in the bore of a rifle, pistol, or machine gun,
it should be removed by the application of pressure from the mutxle
end of the weapon. To attempt to that the bullet out with another
cartridge in dangcrou* and therefore prohibited.

f. Dented cartridges, cartridges with loose bullets, or otherwise
defective rounds should not bo fired.

g. Misfires in which the primer explodes but fails to ignite the
powder cbnrge, hnve proved dangerous in firing automatic arms with
blank firing attachments. Some of tho powder is blown into the bore
nnd becomes lodged in the blank firing attachment A series of such
rounds will rnuse an accumulation of powder sufficient to cause serious
damage when ignited by a normal cartridge. When misfires occur
in excess of 5 jwrcent in firing blank cartridges, the firing of that lot of
ammunition will be sus|>ended and reported to tho Chief of Ordnance.

h. The use of armor-piercing cartridges is prohibited in demonstra-
tions in which tanks tnke, part. In using armor-piercing ammunition
it is well to remember that tho cores of bullets that fail to penetrate
will rebound. The radius of rebound depends on several factors
but mny safely be tnken at a maximum of 100 yards for caliber .80
nnd 200 yards for caliber .60, armor-piercing nmniunition.

t. After a box of ammunition n opened and cartridges issued, each
mnn should tnkc care of his own ammunition. The primer should be
protected from blows by sharp instruments, as such a blow might
explode the cartridge.

jf. The use of oil or grease on cartridges is prohibited. Such use
causes the collection of injurious abrasives in automatic weapons and
causes excessive and hazardous pressures on the bolt of the rifle when
firing in nonnutomntic rifles.

149. Artillery ammunition.—«. Examination.—Before firing,
representative samples from .bach lot of ammunition should be exam-
ined for visible defects such as exudation, badly corroded fuzes, pro-
jectiles loose in cartridge cases, damaged rotating bands, excessive
moisture and dampness, etc. If these defects arc likely to cause diffi-
culty when (ho fnzo is set or the round is loaded into the gun, or there
is nny question as to tho safety and functioning of the ammunition,
it should not bo used until it has been examined by tho corps area
ordnance officer or his assistants. Care should bo used in condemning
nmmunition for use, ns shell which are exuding slightly, can be made
serviceable as prescribed in Ordnance Field Service Bulletins, and
many times fur.es which nre only slightly corroded or discolored are
serviceable and can be used.
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It. Packing*.—In removing fixed ammunition from lioxes, Ihe screws
or wing nuts which hold the covers in place should bo removed. If (ho
ammunition is packed in individual tin or fiber container*!, these con-
tainers should lie o|iencd by menus of the lenr strip provided, but Ihn
rounds should not IIP withdrawn from Ihe container unt i l it is lo 1m
fired, unless (ho ammunition is loaded directly into Ihe caisson. FIIZO
covers on shrapnel should not IMI removed until the round is to bo fired.
All powder charges will Im kept in (heir containers except tho charge
which is to Im served lo the. piece for Ihe next succeeding round.

a. /'facing nf ammunition,—Ammunition at Ihe firing point which is
not carried in caissons should not IIP located directly at the rear of the
gun, hut lo (be left of Ihe cnisson, nnd should he protected from mois-
ture nnd dampness and Ihe direct, rays of Ihc.sun by a tarpaulin so
placed thnt air can circulate through (he pile.

d. Propelling charge*.—(1) Premature ignition.—The powder
charge for any given round will not Im brought near the breech of tho
gun until the preceding round has (men fired, (he powder chamber care-
fully sponged with n wet sponge or cleared of any possible smoldering
remains by use of the nir projectors, nnd Ihe face of (he mushroom bead
wiped.

(2) Flarebackn.—When Ihe breechblock is wilhdrnwn, the. gases re-
mnining in (he bore some! hues pnss (o (be rear nnd ignite upon striking
the nir, regardless of Ihc direction of the. wind. Flames of varying
length nnd intensity result. Precautions must Im taken to prevent
the flame from reaching a new pro|iclling charge, ns well ns lo prevent
serious burns lo the breech detail.

(3) Mending.—Projielling charges will Im habitually fired ns re-
ceived. Wending will no! Im resorted lo except in S|mcinl cases where
the necessity therefor has lieen approved by Ihe Chief of Ordnance,
who will furnish Ihe necessary instructions.

(4) Krraffa and nrfrsslm pressures.—Erratic pressures or ranges
may he due lo deteriorating propelling charges, impro|mr ignition of
the profiling charges, defective or loose rotating bands, and in the
case of separate loading amnumilion, to improper wrapping or lacing
of the charge. Excessive pressures are likoly lo develop if Ihe diameter
of (ho pro|>el I ing charge is altered so as to prevent (he projection of (bo
flame from the igniter (o (he. front of the |Miwder charge. For further
information, see Alt 750-10. All powder lots giving excess pressures
should ho immediately suspended from use |mnding instructions from
the Chief of Ordnance. A sample of I ho powder involved should be
sent (o the nearest ordnance depot, together with n copy of the report
of (he malfunctioning nnd (he record of Ihe stability of tho powder.

(6) Maximum ranges.—The caliber board report has purposely used
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(ho term "supercharge" in referring (o the. propelling charge required
to give maximum range. It cannot be too strongly emphasized thnt tho
normal charge should he used always within the ranges obtainable, and
the. use. of su|icrchnrgeA must be avoided except wltnro nmximum ranges
are necessary, otherwise, excessive wear of tho guns will result. With
multiscction propelling charges, when "supercharge" is desired the
complete charge is used and when "normal charge" is desired the
base section only is used.

(6) Igniters.—(a) In loading tho separate loading propelling
charge into tho gun, care must be exorcised that an igniter is always
on the end of tho charge toward the breech. Tho cloth used for mak-
ing igniters is dyed red to indicate clearly tho end which should be
at tho rear of the chamber. The red dye also indicate!) that the
igniter contains black powder. Undyed igniter cloth has been used,
however, for some propelling charges now in the service. In this
case the igniter end can be identified by the quilting used to Imld the
black powder in position and the words IGNITING POWDEK sten-
ciled on tiro igniter.

(b) Propelling charges should not lie placed in tho gun with the
igniter fastened thereto by safety pins. Before firing, the safety pins
should l>o removed and the igniter pad attached to the charge by sew-
ing, tho stitching being caught in at least three places 120° apart

(c) It is the practice to pack one igniter in each cartridge storage
case. Surplus igniters remaining after firing should be destroyed in
accordance with chapter 4.

(7) Tags and protector cap*.—Igniter protector cups and data tags
will bo removed from tho propelling charge before loading it into
lira gun.

e. Difficulties in loading or extracting ammunition.—Difficulties in
loading or extracting ammunition may bo due to dented or bulged car-
tridge cases or foreign material in tiro chamber or bore of tho gun.
Whore the cartridge cases are hard to extract, an inspection of the
chamber should be made to determine whether it is fouled, scored, or
pitied. If it is fouled, it can be readily cleaned; but if it is pitted
or scored, a report should be made to the post ordnance officer. If a
projectile cannot be readily extracted from tho gun or should a pro-
jectile become separated from the cartridge case when tho breech is
opened, it should be removed under tiro direct supervision of an offi-
cer, using a rammer which bears only on the projectile and provides
for clearance around the fuze. Extreme care should bo exercised to
prevent any force from being applied against the fuze. The Edwards
rammer, designated as rammer, unloading, Ml, is provided for tins
purpose for use with 75-nun point-fuzed projectiles (fig. 60).
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/. Mfafrf*.—When n misfire occurs, HIP following pi-pcnul ions will
IN* oliserved:

(1) Fixed or tutmififfil nnninin!fi<»\.—Al lens! three id tempts will
be tnitdc to lire. After I lie Insl nl tempi, (lit* breech wil l mil bo o|>cned.
before 2 minutes Imve pln|»sed.

(2) Nfparaif limiting flmniiHtitinn.—(n) If I bo. primer in heard lo
fire, tho breech will no! be o|tened before 10 minutes Imvc elapsed.

(6) If (lit* printer in not heard to HIT, two inurp. ntlempls to lire will
be nmd«. Then—

1. If the priincr can lie removed by n person standing clear
of the pnlb of recoil, nflcr 2 iniimlps IIUVP. elnpscd, the
primer nmy be reniovpd nnd n new one inserted. If the
second primer fails. 10 minutes should be n I lowed to pnss
nnd then the hreerh nmy be opened.

9. If the printer cnnnot l»e removed snfely ns described above,
IHI attempt will tie innde to open the breech or rcplncc
(be primer for 10 minutes.

Misfire primers should be bnndled carefully nnd disused of quickly
due to the chance of n primer hnnglire. Further infortiintion will lie
found in Alt 760-10 nnd the Technienl Miimmls nnd Field Mnnuals
pertaining to the piece.

ff. Fvsct.—(1) Extreme cnre must be Inken in hnndling nnd in
assembling fuzes to shell or bombs. All fuzes must be treated as
delicate mechanisms. The forces in (he pin which nrtu the fuze cnn
be simulnleil by rolling or dropping, nnd n fuze, so nrmeil mny be
functioned by (he impncl of n blow or by dropping.

(2) In tho assembly of fuzes into projectiles, ins|)cclion should be
made, of the fuze body nnd thrends nnd nlso of the ndnptcr and fuze
cavity to insure (hnt grit, prcnse, or other foreign mnlcrinl is not
present. This is necessary to insure pro|M>r sent ing of (he fuze and
lo avoid the use of any great form. Cleaning of the fuze envily should
be accomplished with n piece of clolh nnd n wnnll slick which can be
inserted into the envily. Fuze hole plugs should not IK- removed ex-
cept for inspection or when the fuze is nlxntt to lie inserted.

(3) When ammunition or projectiles HIT issued fuzed, no nttempt
should bo mndc to remove (be fuzes therefrom.

(4) Fuzes will not be .nllcred. Any attempt to niter or disas-
semble fuzes in tho field is dnngerotts nnd is prohibited except under
specific direction of (lie Chief of Ordnnure. The only nuthorizod ns-
Bcmbling or disassembling operntion is Ihnl of lilting the fuze to'the
projectile if the round wns not issued fuzed, or unscrewing the fuze
from tho projectile if not fired.

lf.2

(5) Every prccnulion should Ira taken (o keep nioiHture nwny from
pow<U>r litiin lime fuzes.

((() Time fuzes are nhynys issued set "safe" and if not used after
mnking n selling they should bo reset to "snfo" before storing.

(7) KncIi round to be londed which contains n |Hiint-dolonnling fuze
should be kept well out of tlie path of recoil of the gun until recoil
of tho previous round has taken place, in order to prevent a heavy
blow from billing tho fuze.

(8) When checking the accuracy of fuze soiling by cutting trial
fuzes, no fuze should IK* cut more than twice.

150. Blank ammunltlon.-'-a. Only blank ammunition furnished
by the Ordnance Department will be used. Dlank ammunition is
issued to (he using arms in complete rounds only. Smoke-puffs or
blank ammunition will not be improvised where it is not provided
for the piece.

ft. The complete round of blank ammunition if kept intact, handled
with cnrc, and protected from fire provides a comparatively safe
assembly. However, the following precautions should be observed:

(1) Under no circumstances will rounds of blank ammunition be
tampered with in the field.

(2) Ulnnk ammunition should not be removed from the fiber con-
tniner sooner than is necessary before firing. Remaining rounds
should Ira kept well awny from the gun.

(8) Identification of the ammunition before firing must be posi-
tive nnd no attempt should be made to use it in a gun other (ban that
for which it is intended.

(4) Any round in which the chipboard closing cup. is not firmly in
place should not bo fired and should be handled with care until dis-
|msed of ns directed in chapter 4.

151. Pyrotechnics, grenades, and chemical ammunition.—a.
Pyrotechnics nnd grenades should bo located some distance either to
tho right or left, and never directly behind the firing points. Pro-
tective mensurcs ngainst grass fires should be provided and extreme
cnre should Ira tnkcn to prevent a grenade or piece of burning pyro-
technic mnterinl from dropping into boxes of ammunition. Pyrotech-
nics which have been unsealed should be disposed of as provided in
OFSH 8-0.

. /;. Smoke-producing materials will not be released in time of (icaco
within 800 yards of personnel, livestock, buildings, equipment, or other
objects which may be damaged. Equipment contaminated with cor-
rosive ncids pitxhiced by liquid smokes will be washed with water as
soon as |>ossiblc, except when other methods of protection or cleaning
methods are prescribed in the appropriate Technical Manuals.
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e. Bnrninc '.Vpc grenades, smoke (Kits, and two-compart mrnt randies
should \K> stored in a cool dry place. They should not be ignited within
ft fcrt of dry grass or other inflammable nmlcrinls, if fire is to bo
avoided. Burning ty|>o grenades will not 1m fired closer than 20 feet
from |M>rHonncl, duo to an occasional flushing grenndc. In tiring smoke
|M)(s, care should be taken not to have (ho face directly above tho
smoke pot when it is set on fire,

d. Un fuzed grenades will not be fuzed in ainiiiunil'ion dumps or
storage magazines, nor in greater quantities than are needed for
iminedinte use.

152. Bombs.—Procedure for precautions and repair of bombs in
I ho field are given in OFSB 8-9. All 750-10 prescribes precautions
for tho minimum altitude for functioning of bombs for aircraft in
lime of peace. Methods of unfitting, disassembling, and handling
Imtnlts and safety precautions for the same are published in TM 0-1080.
All live bombs will be carried safe and will not be armed until released.

153. Mortar ammunition.—Tho same safety precautions will be
observed in tho field in the handling and use of mortar ammunition
:IH apply to artillery shell. Further information will bo found in FM
23-85, FM 23-00, and TM 9-1085.

SECTION VII
AMMUNITION IN HARBOR DEFENSES

P«r*irni|th
.___ 154General _ ——— . —————————————————————————— ....

164. General. — a. Molttwre. — In harbor defenses, tho principal
problem is keeping the ammunition dry. Attention will be given to
ventilation of magazines and stacking of ammunition in boxes with
adequate skids and dunnage to insure free circulation of air through
the pile.

b. Blending. — Propelling charges will ordinarily bo fired as received.
Blending of propelling powder will be done only on specific instruc-
tions from the Chief of Ordnance.

<J. Loading. — Lending and renovation of shell will be done in ac-
cordance with instructions and specifications prepared by the Chief of
Ordnance. . '

d. Further information. — Refer to other sections of this chapter.

SECTION VIII
AMMUNITION AT SUPPLY POINTS

Rnppty points nnd dlHtrllHitlng point! ——————————————————————— 155
Storage of ammunition and explosives —————————————————————— 1(50
Chemlcnl nmrniiDltlon ——————————————————————————————— 157
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155. Supply points and distributing points.—a. General.—
Tltn details concerning ammunition supply jioinlH nml dislfilm!tug
points, ns discussed in (his minimi), are pnrlicnliirly applicable lo those
insinuations in (lie wine of 1ln> interior nnd nl |»osts. cnni|>s, nml Rtn-
lions. A complete discussion of lh(< subject for ii|i|iliciili(iii (o ||H>
theater nf operations (Hie I'liniiniininilion r,onc nml (In* combat zone)
in continued in FM fl-G.

It. Location.—Supply |H»ints nml distributing points should IIP In-
cntcd in the liest available nH work of roads nnd nonr n rnilrond. Ani-
iniiiiitioii nnd cxphisives will IK* so located us lo comply with the pro-
visions of paragraph "^ "''"' •'••gnrd 1° (pnuilily-dislnncc require-
ments.

P. /sty-nut.—In planning (hi* lay-out of nninninilion supply |Miinls
and distributing (minis, consideration should hp given to (he follow-
ing:

(1) Amount* and tfimh m/M/m/.—It is desirable, (hut n field unit
supply Imin IN* able to take on its complete load from stacks in a
straight line or in a single area wilhonl hnving to enler and congest
another area of I ho supply |Miinl.

(2) Kant, of a?rt*x.—They should lie on (rooil funds, war. hut not- on,
main highways. Conspicuous signs should IK* posted on roiids leading
in, and military |Miliit> slmiild U- notified of nnines nnd locnlioiiK of
diiiiipa within their areas.

(3) Traffic contiitl.—Konds should prcfernhly he Inid out. in complete
loop* instend of Inrn-aiiiiinds. This hns nn iiddilinniil ndrnntnge in
that it provides ncress lo piles from either of two dim-lions. One-way
traffic should he established.

(4) Ketfivyntinn by Int*.—As a fjenernl rule, nniiininilion should lie
pilcil so the lot numbers are easily ins|iertcd. Qnnntities issued to a
single unit should be, if practicnble. nil of one lot.

d. f/'frf protection.—(I) The ronintnndinp ofltcer will nppoinl n fire
nmi'shal who will he res|Minsihle for the rigid enforcement of fire-
preventive measures. The fire mnrshnl will prepare rides covering all
local conditions and s|iecinl tin- risks. Me will exercise strict fire disci-
pline, within depot or dump.

(2) Fire, extinguishers, water hnrrcls. sitnd boxes, nnd other fire-
fighting equipment should lie provided. A supply of ro|>es nnd hooks
should Im kept on hnnd to tear clown piles of boxes should (hey catch
fire. Spontaneous combustion due lo presence of grcnsj' rngs or oily
waste, should be guarded ngninsl. The direct rnys of I he snn on ninniu-
nition, especinlly thnl conlnining smokeless powder, is likely lo cause
spontaneous combust i«m.

f. Canwuflaye.—Armngemenls for cnmouflngc nnd conccnltncnl

1(50

should he coordinated with the representatives of the Corps' of Engi-
neers. The use of natural cover, of existing roads, of existing incon-
HpicuoiiN structures, and irregularity in the shape and spacing of piles
will assist in the concealment of the park. Further camouflage tech-
nique is described in the field manuals of the various arms, for example,
FM 4-5, FM 6-20, and FM 6-180.

156. Storage of ammunition and explosives.—a. Clcaset.—
When establishing dumps, the following classes of ammunition an
considered:

Boxed artillery ammunition.
Separate loading shell.
Pro|icllont charges.
Fuzes, primers, detonators.
Mortar shell.
Bombs, fragmentation.
Bombs, demolition, igeneral purpose, armor-piercing, depth;

tor|>edoc8 and aerial mines (not containing explosive D).
Bombs (containing explosive D).
Mines, antitank.
Grenades.
Small-arms ammunition.
Pyrotechnics.
Chemical ammunition.

6. Quantity and rfM£ff»i<».—These classes should not be stored to-
gether. Whenever practicable, the distance bctwcn piles and classes
should bo in accordance with paragraph 116.

o. 1'recmtJion*.—(1) It is important to bear in mind the'possibility
of hostile fire from guns or aircraft^ scoring a direct hit on a pile of
ammunition. This may mean the detonation en masse of that pile.
Ammunition and components should be stored so that tlto neighboring
piles will not bo detonated by tlw explosion of one pile and so that not
all of one typo of component or complete round will bo lost in any one
explosion. There should he at least two piles of every typo of. ammu-
nition or component stored. It is particularly important that fuzes,
primers, detonators, etc., should be distributed as widely as storage
facilities |wrmit.

(2) Ammunition piled in the open should bo raised oft" the ground
nl. lenst 6 inches and protected from rain and direct sun by paulins. If
drainage is not good, ditches should be dug around piles. All piles,
indoor and outdoor, should be made with liberal use of dunnage and
away from contact with walls, barricades, etc., to insure free circula-
tion of air.

(3) During (ho time ammunition is in dumps, advantage should bo
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•nkcu of every opportunity to plan1 each roiinil in good condition lor
firing. Lost fuze liolc plugs should lx> replaced, burs in thrends niul
rotnting hnnds removed, niul nny other defect Hint might nfleet tho
serviceability of ammunition should lie cor reeled. However, the work
should Im done nt n snfe distnnce front (he piles.

157. Chemlcnl nmmunttion.—Chemirnl nininunilion should
always Im stored away from other munitions, nnd gns shell should
always bo stored on their bnses. The following ndditionnl prtcnutions
ehoiild he Inken in storing nnd hnndling this lyjie.:

a. Shell should he stored so thnt n lehky contniner cnn ho removed
immcdintely upon detection.

b. Every ninn working nenr gns shell should Im eqnip|>cd with a gns
mask.

c. Tithes of oxygen nnd first-nid equipment should lie plnred in con-
spicuous plnces in rhnrge of n rltrmiral noncommissioned officer.

d. Should nn nrcidenl occur nnd n worker ho overcome, first-nid
remedy will lie applied nnd n dorinr enlled.

0. Any typo of nmmunilion exposed to gns must he cleaned with nn
oily cloth nt once.

/. Conspicuous wind vnnes should lie set tip in places w here gns shell
are hnndled.

g. Munitions contnining phosphorus should nlwnys he stored alone
and water-filled tiths kept a vailnhle. Phosphorus ignites s|>ontaiieonsly
•when exposed to air, nnd snhincrging in water will extinguish the
firo only an long ns the mnlerinl is kept suhmerged. Tx-aky phos-
phorus shell must Im kept, tinder wnler until they cnn he destroyed.

h. Pyrotechnics, inccudinries, nnd 11C, CN-DM, nnd ON grenadea
should be kept dry.

i. Full use of dunnage should be made in storing chemical ammuni-
tion.
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158. General.—a. Scope.—At posts, camps, and stations,.the only
ammunition items requiring ''destruction are obsolete or deterio-
rated ammunition, which may bo considered together, nnd duds. The
instructions set forth in this chapter are for destroying limited quan-
tities of explosives and ammunition. When larger quantities are to
be destroyed or the instructions set'forth cannot be complied with,
special instructions will be furnished by the Chief of Ordnance. The
term "limited" is defined in d below.

o. Responsibility and procedure,—(\) Prior to destruction, an Am-
munition Condition Report (Q. O. Form 7885) will.be submitted to
the Chief of Ordnance in order that tho disposition may be approved.
This report will show what parts, if any, are to be salvaged. An ex-
ception is the case of deteriorated explosives or ammunition which
nro found to be immediately dangerous to life or property; disposition
may be made by order of the local commanding officer. Usually the
post ordnance officer is also the inspector for all ordnance property;
hence tho responsibility both for disposition and actual destruction
rests upon him. Whore local breakdown of unserviceable ammunition
is ordered, technical instructions for the work will be furnished by
the Chief of Ordnance.

(2) Unoxploded ammunition and explosives in the theater of oper-
ations in time of war often must be destroyed, giving consideration to
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tactics and (imp nvailnblr. FM 5 -°.f» describes methods for destroying
dud?) and other dangerous nniniiiiiilion foiitiil in (he field in lime of
wnr, which work in (o IK* done under (he supervision of nn engineer or
ordnance oflicer.

e. Methods.—Destruction of explosive nmterinl will lie accomplished
by burning, exploding, or dumping at sen, us specified below. Burying
of explosives or ammunition or dumping them into waste places, pits,
wells, marshes, shallow at reams, or inland waterways is absolutely
prohibited, except for black powder as H|»cr.inYd below. Methods for
destruction arc generally bused on I lie. number of units to lie destroyed,
size and nature of each unit, facilities availnble, and lopogrnplty of theland.

rf. Quantity of ammunition and ftttploxirf*.—Uy « limited quantity
of ammunition and explosives, this chapter refers to the number of
unexploded shell and other ammunition to be normally found on a *
target range or in the field as an nccumulntion from firings or other
peacetime maneuvers. Larger quant it ies. genera My referring to am-
munition resulting from deleriunttimi in storage or obsolescence, arc
destroyed according lo s-|>ecific instructions from the Chief of
Ordnance.

«. Material* u»fd in destroying by r.r/>/«.»;Vw.—Charges of '/.-iwwnd
blocks of TNT or sticks of dynamite are used. These are set off either
by safety fuze and a blasting cap or by n magneto and an electric
blasting cap. Nitrostarch Mocks have been authorized for issue in
place of TNT blocks for demolition purposes. Nilrostnrch is a hard,
dense substance, somewhat more sensitive to friction and impact than
TNT. Tho crushing or breaking of the nitrostarch (docks is
hazardous.

/. Material* used in defraying by fre,—Fires used in destroying
small ammunition cont|>onents may be made from scrap lumber, wood,
or such material as excelsior. When components to be destroyed are
laid on the pile before lighting, the fire will he lit from a d is! it nee, by
means of a train of inflammable material or by a charge of black
powder ignited with an electric squib.

ff. Dumping at- *ca.—Military Kstnhlishmcnts located near a deep
sea waterway may use this method of disposal. It is particularly ad-
vantageous for shell, homlm, and loaded components which are ordi-
narily destroyed by explosion. In addition to the. precautions in
sections I and V, chapter 3, the following will be observed:

(1) Port authorities will be consulted and their regulations regard-
ing transfer and dis|wsnl will be complied with.

(2) All material to bn disjKwed of will lie removed from its con-
tainers and packings before being dumped overboard. Instances are
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on record of ammunition, thrown overboard in heavy containers,
being washed up f mm. great distances and depths.

(8) Unless a definite location for dumping is assigned by port an-
Ihorities, no explosive material will bo thrown overboard within 10
mi leu of shore.

(4) In transit the boat or bnrgo will display n large red flag at least
10 feet abovo the deck and a competent man will IMS' constantly on
tho alert to warn approaching crnf t of danger.

h. Specif a type..—Information dealing with (he particular typo to
bo destroyed will bo found in the paragraphs following. ,

150. Safety precautions.—a. Hafeiy is the major consideration
in destroying ammunition and explosives. It is highly advisable to
test all safety devices beforehand by subjecting them to the severest
test they may bo called upon to withstand, provided that such test
is reasonable and practicable. Only after the requirements of safety
have been satisfied should salvage and economy be considered. To
accomplish his purpose, the oflicer will often have to improvise ap-
paratus from all available sources. It is necessary that the ordnance
oflicer analyze and plan the destruction procedure, in detail and then
compare it with the general safety precautions in chapter 3 and those
given Iwlow. The general safety precautions that must always be
complied with in destroying ammunition are described below.

b. Explosives and anutiunition will not be destroyed by detonation
if magazines or other buildings are in danger of being damaged •
by fragments or shock. If tho distance, from tho place of destruction
is less than 800 yards, a pit or trench which will limit effectively
the range of tho fragments will be used.

c. All dry grass, leaves, and other inflammable materials within a
radius of 200 feet from the point of destruction will be removed.
Fire-fighting facilities ..for combating grass fires should be main-
tained readily available, and if practicable, the ground at the point of
destruction should Im wet down with water at tho close of each day's
operations.

d. Personnel engaged in demolition work will always take cover.
Fuzes should bo tested beforehand for time of burning so as to give
personnel ample time to reach shelter affording substantial overhead
cover and splinterproof protection. Safety fuze too largo in diameter
to en(cr (he blasting cap without forcing will not bo used. If an
electric blasting machine is used, tho wires will not bo connected
to the terminals until all persons have reached cover. Depending
upon local conditions, temporary or permanent barricades will bo
provided and safety distances will be observed by all persons.

e. Pits, trenches, and bombproofs will always be provided with sub-
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slnntinl cover, sneh as n layer nf logs and 2 fret of enrth, to limit the
rnngn of fragments. When pita are. used, (hey should bo free from
stones or oilier objects which might form missiles.

/. Pits will not ho required when I ho destruction tnkcs plnco on an
artillery rnngn or similnr site. A cover of earth 2 feet thick should
bo used to limit the range of fragments.

ff. lO.Tplosives or ammunition to he destroyed hy hurtling will be
removed from containers, an nn attempt to burn explosives or ammu-
nition under even slight confinement mny result in nit explosion or
detonation.

A. The quantity of inn (oriel (o lx« destroyed nl onn timo will de-
pend ii|Hin locnl conditions. This quantity will ho carefully deter-
mined hy start ing with n limited numher and then gradually increas-
ing that numher until the maximum which ran he destroyed without
damage to surrounding pm|tcrty or causing disturbance to civilian
areas is determined. The responsible officer will make sure before
he gives the signal for detonat ion I lint (here is no unauthorized person
in the danger area and that all authorized persons aro protected by
adequate cover.

i. As some types of ammunition aro coinpnrnlivcly difficult to ex-
plode, a search of the surrounding grounds should he mndo after each
blast and any materiel which has been thrown from the pit and not
detonated should be collected and included with the next charge to be
destroyed.

/. Explosives or nmniiinilion awaiting destruction will not bo piled
within 200 feet of the (Miint of destruction and will bo protected from
grass fires, burning embers, and flying fragments. All dry grass,
leaves, and other, inflammable material will be removed from the area
within a radius of 60 feet of the pile.

k. In repeating burning operations, care will bo taken to guard
against materiel being ignited from burning residue or heat in the
ground.

I. The tiso of improvised methods for exploding blasting caps is
prohibited.

m. In case of a misfire, personnel will not approach the pit, trench,
or point of detonation until a period of 30 minutes has elnpsed.

n. Destruction of ammunition will never be attempted by inexperi-
enced or untrained personnel. The number of personnel engaged in
such operations will bo kept nt a minimum consistent with safety.
No person will be permitted to work alone.

0. Guards, safety signals, and warning signs will bo used as re-
quired to keep unauthorized |>ersonncl from danger areas during
destruction operations.
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p. In the nhsenco of specific regulations or information covering
any phase of the destruction of explosive materiel, instructions will
be requested from the Chief of Ordnance.

160. Bulk explosives.—a. Black powder.—The safest method
of destroying black powder is to dump it in a stream or body of
water | but if no suitable body of water is convenient, it may be burned.-
In opening the containers .only tools of wood or nonsparking metal
will be used. The contents of one container only will be burned at
one time. The powder must be removed from the container and spread
out on the ground in a train about 2 inches wido, care being taken
that no part of the train parallels another part except nt a distance
of more than 10 feet A train of inflammable material, such as ex-
celsior, about 5 feet long and extending to windward, must bo used
to ignite the powder, as the resulting flare of explosion is so quick
that there will be no opportunity to withdraw. The emptied con-
tainers will bo thoroughly washed on the inside with water, as serious
•explosions have occurred with supposedly empty black powder cans.
Safety precautions, particularly paragraph 169, should bo observed.

b. TNT, explosive D, and totryl.—These high explosives will be de-
stroyed by burning. They must not be dumped into water, as they
poison it. The explosive to be burned will be removed from containers
and spread in a thin layer, not more than 8 or 4 inches thick, on another
layer of inflammable material, such as excelsior. A train of inflam-
mable material will bo used to ignite the explosive. Not more than
BOO pounds will be burned at one time. Safety precautions in para-
graph 150 should be observed. .

a. Smokeless powder.—Small quantities of smokeless powder (a
few boxes) up to 600 pounds may be destroyed with safety if the
powdor is removed from the containers and spread out on bare ground
in a train of limited width'and thickness dependent upon tlie granu-
lation of the powder. A train of inflammable material about 26 feet
long, and on tho windward side, should be used to ignite tlto powder
and allow personnel sufficient time to get away from the intense hdat
which is generated when smokeless powder burns. Safety precautions
in paragraph 169 should be observed.

d. Other explosives.—If it is necessary to destroy other explosives,
such as mercury fulminate, lead aside, picric acid, dynamite, etc.,
special instructions will be requested from the Chief of Ordnance.

181. Separata loading propelling1 charges.—Extreme precau-
tions will be taken against sparks. Smokeless powder will bo removed
to the burning ground before being opened. There the powder will
be removed from the bag by cutting one of tho scams, care being taken
not to disturb the black powder igniting charge. Tho empty bag and
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igniter should IM: immcdinlely and completely submerged in water nnd
(ho igniter cut o|x*n under \vnli»r. The smokeless powder will be
burned us prescribed in paragraph MiHr. Tin* igniter nnd cartridge
lings, nflcr having Inrn thoroughly soaked in wnler fur n( lenst 7'2 hours,
should 1m removed nnd allowed lo dry in (lie open, nnd then they mny Im
burned in n pit or trench. Tin- soaking in wnlcr is absolutely neces-
sary, liecause even the confinement of the Muck powder by the powder
bng, slight as it ntny lie, is sufficient lo cause nn explosion nnd the
projection of I he burning lings nnd igniters lo dislnnces of 200 feet
or more.. Bags nnd igniters await ing destruction by HIT must IIP. kept
in a sceui-ely closed conlniner. It is permissible, when .practicable, to
destroy lings nnd igniters by dumping them in n body of wntrr after
tho. various sections of HIP (|iiilled igniter nre cut open while the bng
and igniter nre still submerged in \vnler. This nil ting is necessary lo
release nir trnp|M>d in the quilted igniter sections which would cause
the lings nnd igniters lo float on lop of the water.

182. Artillery shell.—n. The following general instructions for '
destroying artillery shell by detonation npply equally well to iMimbs,
mortar shell, and other rehilivcly Inrge cum|i(inents conlnining high
explosive. However, it must bt> kept in mind Hint bomlis, mortnr shell,
and antitank mines arc composed of as much ns 00 percent explosive
by weight and hnvc relatively thin wnlls. ns compared with the 10 to
16 percent of explosive in nnd the relnlively henry wnlls of artillery
shell. Therefore, the number of units of boinlm, morlar shell, nnd
mines deslroyed in one o|M»rnlion should he reduced accordingly. Fixed
Bhe.ll will IMS disassembled from complete rounds nnd destroyed in
the snme manner ns sepnrnle loading shell (see below). Before undcr-
tnking any demolition operation, the pro|nised procedure will be
checked ngninst I he safety precautions prescribed in pnrngrnph 150.

l>. The following geneml inslruclions conlemplnle (he use of a pit
or bombproof hill. An nrlillery range or similar site when availnble
mny be used. Note specially piirngrnph 150<» nnd /.

0. The projectile (o lie destroyed will lie plnced on its side in a trench
or pit about. 4 feet deep. TNT blocks, or I he equivalent, (o (he number
specified in the following table will be. plnced in intimate contact with
the side of the projectile nnd held in position by enrlh pncked around
the projectile. The TNT block is placed on its side; nnd, if two blocks
are used, one is plnced on lop of (he other. If three blocks nre used,
two are plnced close together on the shell nnd the (bird on lop of these.
If five blocks arc used, there will he I wo layers of two blocks each with
a fifth on top. The demolition blocks nre detonated by menus of an
electric blasting nip or miner's safety fuze nnd cap.

s.
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rnllhcr •» (Ml to b« iM*(ior«d

87-inm, 2.24-lnch.....--
2.06-iiich, 76-mni, 3-Inch.
4.7-Inch, 165-nim, 0-Inch.
8-Inch, 9.2-Inch, 240-mm.
tO-lnch, 12-Inch.,— .....
14-Inch, 16-Inch—— ——

1
2
S
4
6

d. One end of tho required length of miner's safety fuze (see par.
159rf) will be cut across with a sharp knife and inserted in a No. 8
blasting cap until it just touches the charge. The cap will then be
lightly crimped to the fuze with a fuze crimper or suitable tool, care
being taken not to press U»e fum too tightly against the fulminate
charge of the blasting cap. A No. 8 electric blasting cap with the
necessary length of lead wire and a hand exploder may be used
instead of the blasting cap with miner's safety fuze. Tlie blasting
cap will be placed in the hole drilled in the TNT block (the top
block when more than one block is used) and if necessary a small
amount of mud will be packed around it to hold it securely in place.
In no case should a cap weaker than the ordinary commercial No. 8
blasting cap bo used. '

e. In case of a misfire, the precaution in paragraph 150m should j
be observed. After the blast) paragraph 160f should be complied
with.

/. Point-fuzed shell, fitted with adapters and boosters, can be
detonated without the use of TNT blocks, as a No. 8 blasting cap
securely held in place in the fuze cavity with a small amount of mod
packed around tho top of. the cap will usually insure complete
detonation of loaded shell.

163. Blank ammunition for cannon.—Rounds of blank ammu>-
nition which have misfired will be destroyed locally under the super-
vision of a commissioned officer or personnel designated for this
purpose by the corps area ordnance officer. The precautions for
handling black powder, chapter 8, and for destroying ammunition,
paragraphs 150 and 160, should bo observed. An extractor (brass) .
having a wood screw thread can be used to remove the closing cap
and wad; the black powder may be removed by washing or flushing
out with water; and the primer removed by means of a press.

164. Bombs.—Ilombs should be destroyed in accordance with
• paragraph 102. However,.bombs have such thin walls and contain
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so much wore explosive than shell of corres|x>nding weight, and
usually dclonnle so completely that extreme precautions must be
taken to avoid structural damage t» buildings and injuries to per-
sonnel. The destruction of bombs larger Il i t in the (00 pounds should
not bo undertaken without UK* specific approval of Ilio Chiof of
Ordnance. Homln awaiting destruction should he segregated in
small piles 100 fret or more apart, and at least 300 feet from the
detonating pit. Kxtrcmo prceau(ions must !><• taken to protect bombs
awaiting destruction against accidental detonation by lire, fragments,
or sympathetic detonation.

165. Mortnr shell.—Mortar shell should ho destroyed in accord-
ance with the instructions in paragraph 102. Cure will be taken to
limit the number destroyed at nny one lime and to protect shell
awaiting destruction from flying fragments.

166. Small-arms ammunition.—a. All unserviceable cnlihor
.22 and shotgun ammunition will he destroyed locally. Ordnance
field representatives, within their jurisdiction, are charged with the
disposition of alt other unserviceable, small-arms ammunition and
accumulations from firings. Keference to OKSIt 3-5 should he made
for procedure to Iw followed in disposition.

b. Small-arms ammunition should be destroyed in a pit which is
approximately 6 feet square and 4 feet deep. An inclined chute
sncli as a piece of 2-im'h pipe, should lie provided, and this chute
should be placed so that one end is over the center of (ho pit and
the. other behind the barricade. Precaution* should Im taken to baffle,
the «|N»n end behind (he barrinide HO that the operator cannot look
down the pipe. A hot fire, should be built in the pit ami (hen the pit
should bo covered with a piece of sheet iron or other suitable material
to confine flying fragments. The cartridges should he fed into the
fire through the pipe and care should he taken to pi-event an accumu-
lation of uncxplodcd ammunition in the pit.

167. Small components except primers.—a. These compo-
nents, artillery and grenade fuses, boosters, detonators, and similar
materiel, may be destroyed either by burning or by exploding. For
destruction of primers sec paragraph 1(58.

b. In destruction by burning, the same instructions given in para-
graph 1006 for the destruction of small-arms ammunition should bo
followed. Caution should be exercised in introducing components
into the fire because normal action cannot ho expected under intense
h at. Tho explosion of a previously introduced component should
bo heard before introducing another.

c. In accomplishing the destruction of these coni|mnents by ex-
plosion, a small number of components, depending upon the type and
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kind, should be placed in an open container and in intimate contact
with one another. This container should then bo placed in A pit or
trench approximately 4 feet deep. On top of each container, in
intimate contact with the components, should bo placed one or more
TNT blocks fitted with an electric blasting cap or with A common
blasting cap and safety fuze. The pit should then bo* covered with
a layer of logs and earth or other suitable cover, and then the com-
ponents should be detonated in Accordance with the safety precau-
tions outlined in paragraphs 169 And 162.

168. Primers.—a. Large primers, 100-grain or larger, may be
destroyed by burning according to the instructions for destruction of
small-arms ammunition in paragraph 1006. Primers, other than
small-arms primers, are dropped one at A time into the fire. Large
primers will be destroyed only in this manner, as they Are subject
to explosion en masse if destroyed by burning in large quantities. •

b. Primers, except the 100-grain or larger primers, may be burned
in A trench approximately 2 feet deep, 1 foot wide, And of sufficient
length to accommodate the number of primers to be burned at one
time. The trench.should be prepared with A quantity of excelsior
or similar combustible material sufficient to insure a hot fire through-
out its length. The primers should be removed from boxes and
placed on the excelsior before the fire is lighted. Pasteboard cartons
need not bo opened before they Are placed in the trench. A piece of
sheet metal should bo placed over the trench, to confine fragments as
much as |tossiblo. Sufficient space should bo left to allow A draft
through the trench. After the primers and cover are in place, A train
of combustible material leading into the pit should lie prepared and
lighted. Personnel.should then take cover or withdraw to A safe
distance.

0. If A suitable tank or kettle is available for use, A small number
of primers may bo placed in it And A small-mesh screen placed over the
top. By building A fire underneath, the primers will be exploded.
A convenient receptacle is An iron tank, cut in half longitudinally
and the open side placed down on railroad iron or other suitable grat-
ing that will not let the primers drop into the fire. A large hole,
approximately 12 inches in diameter, with A pipe located above the
height of a man's head, should be provided and about 60 primers put
in at one time. The boiler should be equipped with A smokestack so
that A draft will be formed through the grating. Packing material,
if inflammable, need not be removed from the primers.

d. If a burning pit constructed of railroad iron or similar material
is Available a fire may be built in it and A box of primers destroyed at

4*wer- 41— -11 m
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one time, provided tho packing is inflnmmahlc. by throwing (lie box
into (be pit and Inking rover.

e. Thc20-gruin and 4»-grnin primers may I« destroyed by building
a fircl»ox over which a basket of primers may !N> pulled on railroad
iron from behind a barricade. The (Ire should lie started In-fore the.
priiiiora are pulled over it. When all pri IHM-S have IMMMI fired, the
basket should be pnlled off, emptied, cooled, reloaded, and again pulled
over (be fire.

/. The stork of primers awaiting destruction will not bo allowed
within BOO feet of the burning opcrnt.ions, and great care will be
taken In protect the pile from accidental ignition by flying fragments
or sparks. This stock will be limited to n day's supply. Other ap-
plicable regulations, contained in paragraph 159, will be strictly
observed.

169. Grenndes.—a, ffrnrral.—Urcnmlos may IKS deslniyed by
burning or exploding in accordance with the following instructions.
A strict compliance with applicable regulations of paragraph 159 is
essential for the, protection of |>e.rsoniicl and pro|>crty. Destruction
by explosion should, in general, be applied to high explosive grenades,
whereas destruction by burning is applied generally to other types
of grenades.

b. Df.ffnif.tion. by ftnplmtion.—Not more (him 20 grenades should
be placed in a pit about 4 feet deep. They should lie piled so that
they comn in close contact, and on top of the pile, there should 1m
placed, in intimate cnnhirt, three '{.-pound TNT blocks, one of which
is provided with n No. 8 electric blasting cap or No. 8 blasting cap
fitted with several feel of safety fuze. The pi-enadcs and TNT blocks
should be covered with a layer of earth about 1 foot thick and tamped
lightly to obtain the maximum efficiency of the TNT blocks, and the
pit should lie covered as prescribed in paragraph 150/.

e. Iff at ruction by bitrnhtff.—A pit 2 feet sqsiare by 3 feet deep
fitted loosely with an iron plate or heavy board cover is used. Gre-
nades should be put in the fire one at a time. Another should not be
put in until the previous grenade is exploded. Care should INS taken
in introducing explosives into the fire a? normal action cannot be
expected under intense bent. The time to investigate an unusual
delay in the explosion of a gtrnnde is only after the fire has burned
out and the pit is .cold. An i in-lined chute hafllcd at the open end may
bo used, instead of dropping them singly and covering each time.

170. Pyrotechnics.—a. (Jfnfral.—Pyrotechnics.except, pbotoflash
bombs ami parachute flares, will lie destroyed in accordance with the
instructions for burning primers, paragraph 108ft.

b. Parachute flares.—Parachute flares will be destroyed by burning
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in a vertical position on the ground and in the open. The individual
flares must bo located at least 4 feet apart and placed on top of n layer
of combust ible material. After lighting the train of combustible ma-
terial, imrsoiinol should take cover and observe safety distances.

0. Pholofltuih. bombs.—Photofliflli. bombs are dangerous and should
be handled with care. They should be destroyed by the use of TNT
blocks and destroyed similarjy'to the procedure for artillery shell,
paragraph 102. Duds of photoflash bombs should not be handled
but destroyed in place in accordance with instructions set forth in
paragraph 173. Due to the thinness of the case, A single block of
TNT is sufficient to accomplish destruction. A strict compliance with
the applicable regulations of paragraph 159 in essential.

NOTB.—Ihie to the 'brilliancy of the flush, It hi detrimental to vision to watch
the destruction of photoflflBh bomb* even at distances prescribed In thin manual
iig wife ngnliiit friigmentB. /

171. Chemical ammunition.—a. In general, grenades nnd shell
loaded with chemical filler should be destroyed in A manner similar
to that prescribed iit paragraph 102 for destroying artillery shell.
However, before destroying chemical ammunition special instructions
should be obtained from the Chief of Ordnance concerning Any
exceptional hazards. When A leaking shell or component is1 located,
the officer in charge of the magazine will be notified in order that lie
may direct the disposition of the shell. As chemical shell contains
a comparatively small amount of explosives, the charge of TNT blocks
to bo used for demolition should be AS follows:

Chomlnl *•» «r «emp<n»«nt

76-imn shell..................—...———...
156-Mtn •hell............... — ..............
8-Inch ihell—........ —... —— ——— —....
3-Inch, 4-Inch, and 81-mtn ohomlcal mortar (hall.
4.2-lnoh chemical mortar shell-,..-............
8-Inch cherrieal mortar •hell...................
Bomb, 5-ponnd.........-__..................
Homh, 25-, 30-, ami 60-pound......—— — ....
Bomb, lOO-nounil............................

M.....I... jiffno HUM i •!

TN-PBiH*!
I* *qUlv*lMll

4
6
0
2
3
8
1
2
8

b. Immediately hazardous unserviceable chemical ammunition may
bo destroyed by exploding in the open if a sufficiently isolated area
is Available. The point where the shell is exploded should bo chosen
so that personnel can be excluded for A period of approximately 48
hours from the are* 1 mile downwind from the point where the.shell
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is exploded. All personnel iniisl lie prevented from passing within
a distance of 150 yards from UK* |x>inl \rhvro the shell is exploded
for a period of about 2 weeks. Whci-e n sufficiently isolated area is
not available, single unserviceable giis-lillcd shell ntny ho. destroyed, in
a pit 0 font deep. 'Hit' shell wild its bursting charge in placed at (ho
bottom of the pit, the pit is Imck-lilled, and the slid I exploded. Five
gallons of freshly prepared blenching solution should lie poured on
the fill and then suflicient dry bleach should IN* scattered over the fill
to cover the disturbed ground to a depth of '2 inches. A jwmnncnt
sign should be placed on the (ill. prohibiting digging in the vicinity.

172. Antitank mines.—If marks on the mine or on the ground
indicate that it has been run over by n vehicle, the mine should bo-

.considered as a dud and destroyed in plnce by detonation with a TNT
or nitrostarch block, without handling or jurring the mine. Only
mines that have not been tampered with, handled, or disturbed in any
manner may have the safety fork replaced and (hen taken up. The
safety fork must, be replaced before any handling of the antitank
mine or before removing the fuze. Unserviceable nnlilank mines will
be destroyed in the same manner and with the same precautions as
bombs.

179. On target ranges.—a. (tcneml,—10 .x plosive missiles which
have failed to function after firing are termed "duds." AR 750-10
prescribes that, after firing on a range hag been completed and before
free access to it is allowed to |N>rsnnncl in general, the range will ho
thoroughly |>oliced and all duds destroyed by competent |x>rsonnel.
Duds of pholoflash l>oml>* or aircraft flares released dining fiigh
over land areas other than target ranges will be rccov. red and
destroyed.

b. Safety precaufian*.—Target ranges nrc made dangerous by flying
missile* during target practice and by unexplodcd ammunition which
may remain on the range after target practice. Safely precautions
should therefore include means for preventing trespass upon the tar-
get range by unauthorized or rnrclcss JKTPOIIS nnd for removing from
the range all unexploded ammunition which .ms been fired. In addi-
tion to the safety measures employed nt and n ar the firing line, such
as red flags, markers, or fences, the. boundary or terrain which is
likely to receive missiles from (he firing line should he placarded with
signs which indicate the danger zone and the hazards ntlendant U|NHI
entering such zones at specified limes. The signs should also empha-
size the dangers connected with picking up unexploded ammunition
and should prohibit either trespass on the range or the removal of
souvenirs from areas, under penalties provided by law. The pla-
carding of the target ranges is a matter of public safety and will
never be neglected.
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<?. Destroying duds.—(1) The policing of a target range and insur-
ing the safety of the command are functions of the commanding
officer. Immediately after target practice is completed, the entire
range should l>o carefully policed for unexploded ammunition, under
the supervision of an authorized officer who is thoroughly familiar
with the dangers incident to such operations. Unexploded projectiles
and oilier c6in|M>ncnts of ammunition which have been fired are danger-
ous to handle and should not bo touched or jarred where it is practicable
to destroy the same by the use of dynamite or TNT blocks. However,
unfuzed duds may be handled with comparative safety.

(2) In those rare cases in which it is necessary to remove a dud from
any location before destroying it, all operations connected with this
procedure should be done either by or under the direct supervision of
personnel who are thoroughly familiar with the dangers of such an
operation and who have qualified to do this work.

(3) To place an unexploded fired projectile on its base or nose is
to invite disaster, as such an operation will cause movement of Ute
internal fuze parts and may cause the projectile to explode. No at-
tempt should be made to disassemble a round of unexploded ammuni-
tion except by experts of the Ordnance Department who are specifically
assigned to such work.

(4) Duds on the target range, such as unexploded projectiles, fuzes,
grenades, etc., can usually be destroyed in place with TNT blocks or
sticks of dynamite placed in intimate contact with the dud and in all
cases covered with sandbags or earth to limit the range of the frag-
ments. Shell exploded on the ground surface without tamping may
eend fragments 1,000 yards, and all within this danger zone will take
cover when the charge is fired. Personnel should never be within 100
yards of a projectile when it explodes, even if suitable protection is
at hand. The general instructions for destroying duds on the target
range are similar so far as possible to those described for destroying
artillery ammunition, paragraph 162. Duds of photoflash bombs ore
destroyed in accordance with this paragraph and paragraph 170. The
safety precautions in paragraph 159 should be carefully observed.

(6) Gas shells or bombs should be handled in the same manner as
other projectiles. Holes or trenches in which gas shells have been
exploded must be filled or decontaminated and gas masks worn during
the work. Work should always be done on the windward side of the
area where gas shells are exploded.

(0) As an added precaution, after the destruction of duds has been
completed the officer in charge of the work will personally superintend
a thorough search of the area in order to insure that no duds have been
overlooked.
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Adapter.—Threaded hushing used to ndnpt n fuze (o a projectile or
bomb.

Aflaptff-liooxfrr.—Adapter nnd booster assembled us ft unit for a
liomh or shell.

Aircraft bomb.—AVr Itoiuli.
Aircraft siffHtil.—Signnl for iw from aircraft.
Aliquot part 'charge.—Heparnto londiug profiling chnrgc divided

into H|iinl sections; also referred (o as cqunl section charge.
Al/iniys ftum.—Fn/c used wild mortnr shell which will function re-

gardless of (lip part of UK* shell striking HIP target.
Amatol.—A high explosive, n mixture of ninuioniuni nitrate, nnd TNT.
Ammonal.—A high explosive continuing TNT and po\vdered nlu-

ininuin.
Ammunition.—Munitions nnd components, containing nn explosive

clement, rxpended in comhnt.
Ammunition data card.—A fi- by 8-inch curd giving pertinent infor-

mation necessary for complete identification and for handling,
Rtornge, and use.

A nun it n it fan Inf.—A Imleh of rounds or components, each of which
is miiiiufnclured by one mniiufiicturer under uniform conditions,
and which is expected to function in a uniform ninnner.

Ammunition tot number.—Number which identifies nn Ammunition
lot.

Antitank mine.—Fuzed nmmunilioii. buried or concealed, which func-
(ions whpii a tank pusses over it. •

Arm inn.—To put n fuze in n condition whereby it cnn function.
Arming pin.—A pin in nircrnft bomb fuzes which serves to arm the

fuze upon la-ing witbdrnwn.
Arming rone.—A ininiiiliire pro|H»ller which nets to nrtu nircrnft

bomb fuzes, after the bomb bns fiillen some distnnrc below the
airplane.

Arming wire.—A length of wire which, while nlIncited, prevents a
fuze from arming.

Arnwr-pififinff.—Hullels nnd projectiles having n burdened steel
element designed to pierce armor plate.

Artillery ammunition.—Ammunition fired from cniinon.
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Auxilifiri/ booster.—An additional booster required for a large burst-
ing charge which ordinarily would not be properly detonated by
a booster alone.

Unit cartridge.—General purpose small-arms ammunition for stand-
ard service.

Ballistic coefficient.—The numerie.nl measure of the ability of a pro-
jectile to overcome air resistance and maintain its velocity.

HallitticK.—'Hint branch of applied mechanics which treats of the '
motion of projectiles, internal ballistics dealing with the motion
within the gun and exterior ballistics dealing with the motion after
leaving the gun. .

Ballistic.—A double-base type of propellent powder used in some
small-arms and mortar ammunition.

Bandoleer.—A pocketed belt used as a means of carrying small-arms
ammunition so as to be readily accessible.

Barrel,—The tube of a gun. .
Base and increment charge.—A semifixed or separate loading pro-

pelling charge consisting of a base section and one or more incre-
ment, sections usually of less weight than the base section.

Bast charge.—(1) A black powder charge in the base of shrapnel.
(2) A propellent charge for inner zone howitzer firing.

Base cover.—A metal disk secured to the base of high explosive shell
to prevent hot -gases from coming in contact, with the bursting
charge through possible flaws in Die base of the shell.

Base-detonating fuee.—A. fuze located in the bam of a projectile.
Black powder.—A low explosive consisting of an intimate mixture

of sulfur, charcoal, and saltpeter.,
Blank ammunition.—Ammunition without projectile used in saluting,

signaling, or simulating Are.
Blasting cap.—A thin copper shell containing a sensitive explosive

and fired by a slow-burning safety fuze or an electric current
Blinker.—An aircraft pyrotechnic, signal burning with intervals of

light separated by a jioriod of darkness.
Boat-tail.—A tapered base of a projectile.
Body.—The portion of a projectile immediately to the rear of the

bourrolet. . v

Bomb.—A container of explosives or chemicals or both with fuze,
dropped by aircraft. , ,

Booster.—A high explosive component which amplifies the explosion
of the fuze to detonate properly the bursting charge of a shell or
bomb.

Bore.—The opening through the length of the barrel of a gun.
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Bore tuff.. — A l»oro-snfe (detonntor-snfe) fuze is one in which the
explosive (fit in is MI interrupted (lint prior to firing, nnd while (he
projectile is slil l in tho hore of HIP cnnnoti, prcmnhire net ion of the
bursting charge is prevented should nny of the more sensitive ele-
ments, primer nnd/or detonator, malfunction.

Roufihon a**rmMy. — Nnmc formerly applied to grenade fuzes.
Bourn-let. — The. inndiined mixed (Million of a projectile which bears

on I ho bore.
tit-etch. — The end opposite (he muzzle of n gun.
Brrech mefhanitm-. — A mechanical device for rlosing the. renr end of

the chnnilier or horc of n gun nf(er loading, nnd for firing the
inserted round of numumilioii.

Britanfp. — The shattering nhilily of high explosives.
BnVet. — Projectile of siunll-nnits ammunition.

jMnrder. — A double-has? (ype <if |>ro|>cllciit powder useil in
small -arms ninniiinilion.

Burntcr. — An explosive element used in chetnicnl shell to open the
shell nnd dis|>orsc (he contents.

Bunting chargr. — The explosive filler of nnunuiiition.
Col H>er. — (1) The dinmef er of bullet or projectile, expressed in inches

or millimeters. (2) The measure of length of a cnnnon.
Canitter. — An artillery projectile, conlniiiing only sum 1 1 balls, which

disrupts upon leaving the muzzle of tho weapon, producing a shot-
gun shell effect.

Carinrfarc. — A groove.
Cannon-. — A gun, howitzer, or mortar, on n mount or cnrringe.
Cartridge. — A complete round of smnll-nrms ammunition.
Cartridge bag. — Cloth bog used to hold tho propelling charge for

semifixed and sepnrnto loading ammunition.
Cartridge cate. — A brass case containing the propellent powder charge,

used with small arms, fixed, nnd semifixed ammunition.
Cartridge utorage ca»t.. — A waterproof metnl or fiber container in

which scpnrnte loading profiling chnrgcs nnd igniters are stored,
handled, nnd shipped.

Casualty afftnt. — A chemicnl ngrnt of such characteristics thnt a
toxic or lethal concentration cnn be set up under conditions en-
countered in the field.

Centrifugal force.- — The force duo to rotation. It is used to arm
certain fuzes while projectile is in flight.

Chain. — Type of pyrotechnic signal in which several colored lights
bum in a vertical line.
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Chemical agent.—A substance which, by its ordinary and direct
action, produces a toxic effect, a screening smoke, or an incendiary
action. See Gas, Smoke, and Incendiary.

Clutter.—(1) A pyrotechnic signal in which a group of stars burns
simultnncously. (2) An assembly of several bombs released
together.

Complete round.—All the ammunition components necessary to
fire a weapon once.

Cordite.—A double-base propellent powder.
Creep action.—The tendency of fuze parts in a moving projectile

to move forward.
Cut (applied to time fiteet,)—To set (a fuze).
Data card.—See Ammunition data card.
Day of supply.—The estimated average expenditure of various items

of supply per day in campaign, expressed in quantities of specific
items or in pounds per man per day.

Decontamination.—The act of :removing or neutralizing chemical
agents from material structures and ground.

Demolition.—Destruction due'to the blast or mining effect of high
explosive ammunition.

Detonation.—The very rapid explosion of a high explosive.
Detonator.—A sensitive explosive used in an explosive train.
Distance wadding.—A cardboard Cylinder used in fixed ammunition

in which tho powder does not fill the cartridge case, to keep the
propellent powder around the primer.

Double-bate powder.—A propellent powder containing nitrocellulose
and nitroglycerin. i

Drill ammunition.—Inert or dummy ammunition used for training
personnel. • •

Dropping $afe.—Releasing an aircraft bomb or flare so that it will
not function on impact Some flares, however, may function on
impact, even when dropped safe.

Dud.—Explosive ammunition which has failed to function.
Dummy ammunition.—See Drill ammunition.
E. C. Powder.—A smokeless powder containing inorgnnic nitrates;

used as a bursting charge in fragmentation grenades.
Equal section charge.—A propelling charge for separate loading

ammunition divided into equal sections.
Erosion.—Wearing away of tho inner parts of a gun or cannon as

the result of mechanical wear and action of powder gases.
Explosion.—The sudden generation of a large volume of highly

heated gases with resultant pressures.
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EtRploxive.—A substance or mixture which may, upon application
of heat or shock, undergo a very rapid chemical change producing
a great amount of bent and a large volume of gns.

Eatptonve I).—Ammonium picrnlc, a high explosive.
Eteplonve filer.—The bursting charge of ammunition.
Knplotive. train.'—The step-by -step arrangement of explosives from

a small charge of sensitive explosive to a large charge of relatively
insensitive explosive.

Extractor groove.—The gr«iove n round the bend of the cartridge
case to provide a grip for the mechanical extractor of the weapon.

Extractor rim.—A rim or flange around the head of a cartridge case
to provide a grip for the mechanical extractor of the weapon.

Filler.—Contents carried within an ammunition container, explosive,
chemical, or inert.

Firing.—The net of discharging a wea|mn in the normal manner.
Firing pin.—A pin' used to initiate (he action of a detonator or

primer.
Firing tablet.—Collection of data, chiefly in tubular form, intended

to furnish the ballistic information necessary for conducting the,
fire of a particular model of gun and mount with specified
ammunition.

Fitted ammunition.—Ammunition loaded in one o|teratioii into the
weapon, the cartridge case heing permanently attached to the pro-
jectile and the pro|M>llant not being variable.

Flare.—A pyrotechnic used for illumination.
Flare-back.—The passing to the rear of unburned gases from the

breech of the weapon, resulting in a flame upon contact of the
gases with the air.

Fla*h.—Fiee Muzzle flash.
FNH pouter.—A smokeless pro|M>llen( powder which is flashless

and nonhygroscopic. When used in cannon in which flash occurs,
it in termed Nil powder.

Fragmentation.—The shattering into many fragments of an item
of ammunition by its burst ing charge.

Fuze.—(1) Tube or cord, filled or impregnated with combustible, mat-
ter, for igniting an explosive, charge after a predetermined delay.

(2) A mechanical device designed to initiate the function of am-
munition at the time and under the circumstances desired.

Fuze tetter.—A mechanical device for setting time fuzes for the
calculated lime interval.

Fuze wrench.—A wrench designed to lighten fuzes in n projectile.

180

TM v-iuou
AMMUNITION, GENERAL

Gat.—A chemical agent which, in field concentrations, produces a
toxic or irritant effect. The term includes irritant smoke.

Grading,—The assignment of lota of ammunition to UBO in specific
weapons or the assignment of priority of use.

Granulation.—The size and form of grains of prope11e.pt powder.
(impc.—A seldom used form of projectile which released or breaks

up into several large balls.
Grenade..—Explosive or chemical missile thrown by hand, or pro-

jected by rifles or other launchers.
Grenite.—A nitrostarch explosive.
Gun.—A cannon with a long barrel, generally about 35 to 00 calibers

long.
Guncotton.—Nitrocellulose of high nitration.
Gunpowder.—See Black powder.

//angfire.—The temporary failure of a primer, igniter, or propelling
charge to function. • ' '

HaroAnng agent.—Any chemical agent used to force masking and
thus retard military operations.

High explosive,—Explosive functioning with high order detonation.
High order detonation.—A complete and instantaneous detonation.
High-pre»9u/re test cartridge*—Small-arms ammunition to proof-test

small arms.
Howitzer.—A cannon with a medium length barrel, generally about

25 to 35 calibers long.
Hung bomb.—A bomb which accidentally remains atlnchnd to the

airplane after release from the rack, for example, by the arming
wire. ; ;

Hung ttrilcer.—h striker of a grenade fuze which failed to strike
the primer, resulting in a dud.

Ifygroacopurity.—The tendency of material to absorb moisture.

Identification.—Complete identification of ammunition consists of
type., size, manufacturer's symbol, lot number, and grade.

Igloo.—A concrete-arch earth-covered magazine.
Igniter.—A black powder charge, usually in the form of a pad or

core, attached to separate loading propelling charges.
Illuminating shell.—Shell used to illuminate an objective. A time

fuze acts to release a flare which is 8us|x>ndcd by a parachute.
Incendiary.—A chemical agent whoso principal effect is to generate

sufficient heat to cause the ignition of combustible substances with
which it is in contact.

Inertia.—Property of matter which tends to resist acceleration.
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Initial velority,—Sue Muzzle velocity.
In«tamtan?nit.v luxe.—fief Hondclay fuze.
Interrupter.—A device in a fuze which prevents the fuze, from acting

until (he projectile leaves (hn bore of tlio gun.
Irritant ya.i.—A noiilelhal gn» characterized hy nil intensely irritating

physiologicnl act ion.
Irritant nmokf.—'I'hn common designation of n slernulalor tyjie of

irritant gas tlmt cnn lie disseminated us extremely mnnll (solid or
liquid pit Hides in the air.

Lacrimafor,—An irritant (lint muses copious How of tears ami intense,
though temporary, eye irritation.

Land mine.—Fuzed nnitnnnilion designed to function on land and
normally concealed.

Land*.—The wised port ion of (he rifling of guns nnd cannon..
Lead aaiiif,—A high explosive nhnost as sensitive as mercury

fulminate.
Lifting plug.—A plug screwed in the nose of unfiizcd projectiles and

containing an eyeholt or ring on the end.
Limited sta-ndard.—Item once used mid now obsolete except Hint exist-

ing stocks will be used.
Livens projector.—A mortar-type weapon used by chemical troops.
Long delay fuze.—A fuze designed to function after complete penetra-

tion of the target.
Lot number.—Res Ammunition lot ninmVr.
Low faiphsire.—\ relatively slow-binning explosive which does not

ordinarily detonate.
Low order detonation.—An incomplete and relatively slow detonation,

being more nearly a combustion than an explosion.
M tenet.—Referring to a scries designated by model numbers in die-

tinction to a series designated by mark numbers.
Magazine.—Any structure that is used for storing ammunition or

explosives.
Magazine area,—Area separated from administration and living nrens,

fenced and guarded, for the location of magazines.
Malfunction.—Failure of ammunition to function in a normal or

exacted manner.
Mark number.—A numerical designation for ordnance items preceded

by the abbreviation Mk. See Model number.
Matrix.—A composition holding balls in place in shrapnel.
Mechaniral time fuse.—A fuze whose lime action is controlled by a

clocklike mechanism.
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Mercury fulminate.—A sensitive high explosive used as a detonator.
Mine.—See Lund mine; Antitank mine.
M it fire.—Failure of a primer or propelling charge to function.
Model number.—The standard numerical designation assigned to any

item upon its adoption.
Mortar.—(1) A cannon with ft short barrel, generally 10 to 10 calibers

long. (2) A portable smooth-bore, muzzle-loading, trench war-
fare weapon.

Mortar ammunition.—Generally, ammunition used in smooth-bore
mortars and having fins for stability in flight.

Multisection propelling charge.—A. propelling charge for artillery pro-
jectiles consisting of more than one section.

Munitions.—Ammunition, explosives, and all necessary war materials.
Muzzle.—The end of the barrel of a gun from which the bullet or

projectile issues.
Muzzle flash.—An observable spurt of flame at the muzzle of a gun

when firing.
Muzzle velocity.—The velocity of the projectile as it leaves the muzzle

of the gun. Also called initial velocity.

NH powder.—-See FNH powder.
Nitrocellulose.—A propellant produced by nitrating cotton (cellulose).
Nitroglycerin.—A high explosive produced by nitrating glycerin.
ffitrostarch.—A high explosive produced by nitrating starch.
Nomenclature.—-Sec Standard nomenclature.
NondeJay fuee.—A fuze designed to burst the projectile outside a hard

surface before penetration or ricochet.
Nonpersistent gait.—A chemical agent whose concentration at the point

of discharge is not sufficient after 10 minutes to require protection.

Obturation,—To stop up or close by the expansion of a part, usually in
reference to the scaling of the breech of a gun to prevent the escape
of gas to the rear.

Ogive.—Tho front, curved portion of a projectile.

Penetration.—The distance to which a projectile sinks into the target
at which it is fired.

Percussion.—The initiation of an explosive by means of a blow.
Persistent gas.—A chemical agent whose concentration at the point of

discharge is sufficient after 10 minutes to require protection.
Photoflash bomb.—A pyrotechnic, dropped from aircraft, producing

a flash sufficiently bright for photographic purposes.
Powder grains.—See Granulation.
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/'owdcr ring*.—Increment sect ions of n propelling chiirgn in I ho form
of rings, for morl nr nmmnnition.

Powder train,—Hlnek powder clrniont in n fuze, Ihe. I imp of hurtling
of which controls I IIP functioning of (Im fuzo.

PractSrtammiinitinn.—Aniiinmilion used for Inrgcl prnclico.
Prematitrf.—fmn npplicd lo n projectile functioning liofore Iho de-

Hired lime.
I'rimer.—A device which function* nsnn initintor.
Primer charge.—A charge of hlnrk |Niwdor in artillery primers which

transmits the Unmn to the propelling charge.
Primer-dettmalnr.—An assembly nf « primer, do.lomilor, nnd sonic-

times n delny demon!, Used in homlts.
Primer misftvrf.—A small i|unn(ily of n sensitive explosive in a primer

which fldft as nil inilintor.
Priming competition.—See I'riiner mixture.
Projectile.—Any missile projected hy menus of explosive force from

n wcnpon.
Propctlant.—'I'ho explosive which. ii|w»n ignition, prnjwls Ihe projec-

tile from pun or million.
Propelling charge.—A definite qunntily of explosive used ns n pro-

pel l« lit
Pyro powder.—Set Pyrocellulose.
Pyrofcthtlott.—Nitrocellulose, of lower nitrniion than guHcollon, used

in smokeless jwwdor propHlimK
Pyrotechnic*.—Ammunition, consist ing of cheniicnl mixtures, used us

signnls nnd illiiniinnnls.

Quantity-ditfanct table*.—Pnln foi' (ho proper nnd safe storage of
ammunition nnd explosives.

Rifling.—The spiral grooving in (ho bore of n gun or cannon which
imparts rotation lo the projectile.

Rotating band.—A raised copper or gilding melnl hnnd nenr the Imso
of a projectile which inipnrls rolntion to the projectile when en-
graved hj' the rifling of n gun.

Round.—See Complete round.

Safe.—See Dropping snfc.
Salvo.—One shot |x»r gun, fired simullniieously or fired in a certain

order with a specified lime interval between rounds.
Screening agent.—Sre. Smoke.
(Semifixed amnntnitinn.—Aiiiiiinnilion loaded into Ihe cannon in one

operation and whose propelling charge limy bo adjusted for zone
firing.
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Separate loading ammunition.—Ammunition the components of which
are loaded into cannon separately.

Service ammunition.—Ammunition used or intended for use in combat.
Service marking*.—Painting, stenciling, and stamping on ammunition

to impnrt information necessary for intelligent handling, storage,
and use.

Set-back.—The effect of inertia on Die components of a projectile on
firing.

Shell.—A hollow projectile. It may contain explosive, chemical, or
inert filler, or no filler.

Short delay fuse.—A fuze designed to function projectiles after
ricochet or before complete penetration in hard ground.

Skat.—A projectile which is'solid or contains no bursting charge.
Also applied to some armor-piercing projectiles containing a re-
duced explosive charge. •

Shot shell—See Shotgun shell.
Shotgun shell.—Small-arms ammunition containing small halls or

shot which scatter upon firing.'
Shrapnel.—An artillery projectile containing small balls which are

expelled from the shell body when its time fuze functions.
Signals.—Pyrotechnics projected from ground or aircraft to produce

colored lights. •' ••• . • >
Single-bane powder.—A propellent powder containing nitrocellulose

as its base, also known as straight nitrocellulose powder. \
Stivers.—Unturned fragments of multiperforatcd powder grains

ejected from a cannon during firing.
Small arm*.—Rifles, automatic1 rifles, pistols, and machine guns up to

caliber .60, and shotguns.
Small-arm* ammunition.—Ammunition fired from small arms.
Smoke.—A chemical agent which, when released from its container,

spreads through the atmosphere in the form of liquid or solid par-
ticles producing an obscuring fog. .

Smokeless powder.—Nitrocellulose propellent powders.
Spider.—In an antitank mine, the device for functioning the fuze.
Square-base.—Portion to the rear of the rotating band of a projectile,

which is cylindrical rather than tapered.
Stacked.—Arrangement of powder grains end to end instead of at

random in a separate loading propelling charge.
Standard contmw ftuset.—Point-detonating fuzes having standard

shape, size, and weight.
Standard nomenclature.—A specific descriptive name by which each

ordnnnco item or assembly is designated. Used in all official refer-
ence to the item or assembly.

191



TM 9-1900 TM 0-1000
AMMUNITION, flKNEIUL AMMUNITION, OBNBRAL

Star.—A pyrotechnic signal which burns us n single light.
Stcrntitator.—A chcinicnl agent which, when hrcnthcd in extremely

low concentrations, causes coughing, snoozing, or hcndnchc, followed
by nausea, nnd temporary physical debility.

Strip powder.—Smokeless powder innniifndiirod in tho form of Mlrips.
Subcaliber ammunition.—Aininniiition used with suhca liber mounts

nnd tubes, tbnt. is, weapons of sninll en liber used lo sininlntc the
firing of the Inrgcr en liber wenpon.

Superqiiick fuee.—A fuze designed (o fund ion .immediately upon
impact,

Supertcnuitivc fttie.—A fnr,e designed lo function on inipnct with n
very light target, such ns an airplnnc wing.

Surveillance.—AH stejw necessnry for tho ninintennncc of ninniuni-
lion stores in usnble condition. It includes ins|>cction, testing, and
ninintennnco.

Target practice ammunition.—Rre Practice ammunition.
Tetryl.—A sensitive explosive wliich is standard for use in Imosters

and bursters.
Thermit.—-A mixture producing inollen iron upon ignilion; used us

an incendiary agent.
Timt.fvef.—A fuze designed to function a predetermined lime interval

after firing.
Toxic.—A substance which, acting through its chcinicnl properties

and by its ordinary action, produces a harmful physiological re-
action when applied to (he body externally, when breathed, or when
taken in small doses infernally. All wnr gnscs are toxic.

Tracer.—A burning composition placed in shell and bullcfs which
shows the path of the projectile.

Trajectory.—The curve in space traced by a projectile in flight.
Trench mortar.—A smooth-tare portable mortar.
Trimonite.—A. high explosive used ns n substitute for TNT as a

bursting charge.
Trinitrotolwne (J'A'T).—A liigh explosive which is the standard

bursting charge for ammunition.
Triton block.—Block of TNT used' for demolition pnr|mses.

Unequal section charge.—A propelling charge divided into a number
of unequal sections, as three '/i sections nnd two % sections.

Unequal related Motion charge.—Rr.r. Unequal section charge.
Unfixed »hell.—Shell for fixed nininnnilion which are londod but not

yet assembled to cartridge case. Stored as separate londing shell.
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Unit of fire.—An arbitrary unit of measure for ammunition supply
representing a specified number of rounds per weapon.

Using arms.—The branches of the Army which habitually use or
expend the particular ammunition under discussion.

Very pistol.—A typo of pistol for firing light signals.
Vesicant.—A chemical agent which produces inflammation, burns,

nnd the destruction of tissue. >

Weapon.—An instrument of combat; anything used physically
against an enemy such as A gun, sword, shield, grenade, etc.

Web.—Minimum thickness between two adjacent perforations, or
between perforation and edge, of a powder grain.

Weight zone.—A grouping of » number of shell of tho same weight
and same lot number for accuracy in firing.

Zone of /8»u—An area of a certain range determined by considering
weight of projectile and quantity of propelling charge.

Zone, weight.—See Weight zone.

\
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AA
AM
Am
AP
AR
AT
Auto

BDF
BT
Cl
cal.
CQ
cml.
chg.
C. I.
Cl
CN
c/r (C. R.)
C. R. C.
C. S. 0.
CVVS
Demo.
dinm.
DM
DP
drg. (dwg)
Exp. (Ex.)

FNII
Frng.
FSMWO
On
OH
gr.
HE
I1EI

H

AIIHHRVIATIONS
Antiaircraft
Ainntul
Aiiiiiitinilion
Armor-piercing; nml>cr alar pnrnehuto
Army Regulations
Anlitnnk
Auloinntio
Dnsn dclnnnling
Bane-detonating fuze
Bombing Inblo
Kirnt rlinngo
Caliber

Chemical
Clmrpo
Center of impact; cast iron
Clilnrino
Chloracciophenono (Tcnr gns)
Complete Round
Complete Round Clinrt
Cartridge storage casn
Chemical Wnrfnrc Service
Dcimililinii
Diameter
Adftinnita, unrvxo gns
Deck-piercing
Drawing
Explosive
Field Mnnunl; litnnhim tctrncliloridc, smoke
Flnslilcss, nonliypnwcopic
Frnpncnlnlion
Field Service Modification Work Order
dun
dim or howitzer
On in
llifrh explosive
High explosive inemdinry
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How
US
ICC
I MR
in.
Ih.
LD
LE
LP
M
Ml
Mk.
incch.
mm
Mod.
MV
NC
ND
NG
Nil
obs.
OFSB
OFSC
OO (O. O.)
OPSI
OSM
OTCM (OCM)
oz.
PD
BDF
f)dr.
pore.
proj.
PS
rd. (rds.)
S

SD
SDT
see.
SNL
SP

Howitzer
Mustard gat
Interstate Commerce Commission
Improved military rifle
Inch
Pound
Long delay
Low explosive
Livens projector
Model; manufacture to he continued; mortar
Lewisite
Mark
Mechanical
Millimeter
Modification
Methyl violet; muzzle velocity
Nitrocellulose
Nondelay
Nitroglycorm
Nonhygrosoopio
Obsolete
Ordnance Field Service Bulletin
Ordnance, Field Service Circular
Ordnance Office
Ordnance Publications for Supply Index
Ordiiance Safety Manual
Ordnance Technical Committee Minutes
Ounce '
Point-detonating
Point-detonating fuze
Powder; pounder (15-pdr.)
Percussion
Projectile
Chlorpicrin
Round (s)
In SNL's, in stock for issue and manufacture dis-

continued; on shell, smoke producer together
with HE filler

Short delay
Shell destroying tracer
Second •
Standard Nomenclature List
Smokeless powder
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SQ
T
T/A
T/BA
Til
TM
TNT
TP
TR
w/
WD
tr/o
\VP
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Supcrqtlick
Tentative model designation
Tnlilo of Allowances
Tnble of Manic Allowances
Thermit
Technical Manual; Training Manual
Trinitrotoluene
Target practice; tank piercing
Tccluiical Regulations; Training Regulations
With
War Deportment
Without
Wliile phosphorus; white star parachute
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LIST OF REFERENCES
1. Standard Nomenclature Uflta.—«. .Ammuni-

tion/or matt arm*.
Ammunition, revolver and automatic pistol__ . __ . SNL T-2
Ammuni tion, rifle and automatic gun_________ SNL T-l
Ammunition, small arms, obsolete, and nonstandard_ SNL T-6
Miscollanooui service components of small-arms

ammunition and instruction material for field serv-
ice account .j.___..............._________ SNL T-4

Shells, shotgun_____„_______________ SNL T-S
b. Bombs, grenade*, and pyrotechnic*.

Ammunition instruction material for grenades, pyro-
technics, and aircraft bombs.__________... SNL 8-6

Bombs, aircraft, all typos.__,______...___. SNL 8-1
Grenades, hand and rifle__________ _ ____. SNL 8-3
Grenades, pyrotechnics, and aircraft bombs_____.. SNL S-6
Pyrotechnics, military, all types____________ SNL S~4

c. Cleaning, preserving, and lubricating materials... SNL K-l
d. Firing tables and trajectory charts.............. SNL F-69
t. Harbor defense, heavy field, and railway artillery.

Ammunition, fixed, including subcaliber ammunition.. SNL P-4
Ammunition instruction material.._____........ SNL P-7
Ammunition, obsolete, and nonstandard............. SNL P-9
Charges, propelling, separate loading______ —— SNL P-3
Fuzes, primers, blank ammunition, and miscellaneous

items_______..._____._________. SNL P-fl
Projectiles, separate loading___....._.......... SNL P-1

/. Pack, light, and medium field artillery.
Ammunition,blank..______.......-_--__--..-- SNL R-5
Ammunition, fixed, all types__..!.-.__———— ——— - SNL R-l
Ammunition, instruction material.....—...... — — SNL R-4J
Ammunition, obsolete, and nonstandard———— —— .. SNL R-8
Ammunition, trench mortar, including fuzes, propelling

charges, and other components...————————— SNL R-4
Ground mines and fuzes, demolition materiel for use

in policing target ranges, and ammunition for sunu- _
lated artillery and grenade fire—.........„———-— SNL R-7
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2. Explanatory publications.—a. Ammunition, all
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Ammunition, Rpiirrnl......_._........................_. OFSH 3-1
Ammunition—reimbursement priees. .. .................. OFSB 3-7
Ammunition nomenclature unit shipping names....... OFSB 3-12
Ammunition condition report................................ O. O. 7235
Explosives nnd demolition* _................................. FM 5-26
Militnry explosives. ........................................... TM 0-2000
QnnlificatioiiR in nnns nnd nmniniiilion trnininp: nllow-

•ncoi_......................................................... AH 776-10
Ilnngo rcgulnlionn for \\rn\v. niumunil.ioti in tim« of

pence_........................................... ............. AH 750-10
Unsflfo ninimtnition....................._._............. OFSD 3-11 j
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Field nrtillory nnd fiVld morlnr Aininnnilion............. OFSB 3-3
00-mm mortnr M2___._.................................... FM 23-85
81-nun mortar Ml. . . . . . . . . . . . . . . . . ....................... FM 23-00
Mortnr flininunil i o n . . . . . . . . . . . . . . . . . . . . . . . TM 0-1035
Scnconst, mil way, nntinircniftnnd Held tirtillcry nnunu-

nition........................................................... Oran 3-2
Smnll-nnnn ninnumilKin. .................... .............. TM 0-1000
Sinall-ann§ flinnuinilioii....................................... OFSB 3-6

c. Bombs, grenade*, and pyrotechnic*.
Aircraft bomlm nnd lioinb componi'iits.................... OI'SB 3-7
Bomta for aircinft.............................................. TM 9-1080
Grenades__........................... ......................... TM 0-1085
Grenades_..................................................... OFSI1 3-10
Hnnd grenades.................................................... FM 23-30
Military pyrotechnic*...... ................................... TM 9-981

d. Cleaning, preservliig, litl>iii:ii(iiig, nnit welding urn- .
tennis................................................ TM 9-850 4

t. Mitccllanrou*.
Dofcnso ngninst clieminnl nlinck.................:„....... FM 21-40
Inspection of propelling charges nnd bulk powder.... Ol'̂ SB 3-13
List of puMicftlions for training.____....______ FM 21-0 '
Magazine placard..................... ........................ O. O. 6991 |
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AMMUNITION, GENERAL

Military cliomistry nnd cliomionl agents..._______ TM 3-216
Militnry sanitation and first aid______:______ FM 21-10
Onlmmco Field Manual....____...................... FM 9-6
Ordunnco «afcty manual_______.......___.__ O, O. 7224

/. Prescribed regulations.
Aclininifltration; posts, camps, nnd stations............. AR 210-10
Firo protection and firo figliting............................. All 30-1680
Honors to persons._...............__...................... AH 000-30
l/ist of current pamphlets and changes; distribution... AH 1-10
Ijost, destroyed, damaged, or unserviceable property— AR 36-0040
Ordnnnco field service in time of poaco———————— AR 46-30
Salutes and ceremonies..__„...—......——————.... AR 600-25
Supplies, storage, and issue____;..__.,______ AR 700-10
Transportation by commercial moans; general——.— AR 30-906
Transportation of supplies_______.1............._,.. AR 30-956
Transportation by water of explosives, inflammables,

nnd chemical warfare materials_............_..._ AR 30-1270
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HO

KM), Ift l
. 65, M
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. 41-82

Mortar aininniiHIiHi. , . . . .
l>ro|icllliig elmrgiw . . . . .
Pyrotechnic*....
Bmnll-arnm ainniiinliliHi

Care, haiMllliig, ami prcurrvaUim
Cartons, |mcklng.......... . . . . .
Cartridge liagi.................
C/'artridgo storage i
Cartridges.....

Armor-piercing, In demount ral bum . . . . . . . . . . . . . . . ..... 148
Casualty agent*. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... 30
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Ammunition:
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Destroying. __ . . . _ . . . . . . . . . . . . . . . . . . . . . . . . . . 171
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Precautions In pracllee firing.. .. .. 151
Storage............. . . . . . . . .. 110, I IB
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Chloracctophonone...................................... 38
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ChiRKlflcalkin of ammunition. 0
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Cyclonlto._...................... ... . . . . . . . . . . . . . . . . 34
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4
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Detonators, storage of——..... ——. ——.......I......... 118 124
Doulihvlmso powders.. —...... —... —... . . . . . . . . . . .— 18 10
Drlftslgnal*.............--.......-..-......-..-........ 100 W
Drill-

Ammunition.............—............r........... 0 4
Storage......................................... 118 M4

Bombs........... ——..————————————————— 08 78
Projectiles.............-............ — ...——...... »• 81

Dropping «afe.......-- —.............................. 88,103 78,00
Duds.... — ..... — —................................ M8 188

Destroying..........-................ —........ 158,173 160,180
Dummy—

Ammunition..........————1—.————........—— 6 4
Carlrldgea.........———————————————————— «2 28
Propelling charge*.....————..————————————— 82 64

Dumping ammunition at sea..........................—— 168 j 109
Dynamite: ' ,

Inspection..—..—.————————————- ——— •-— 124 187
Storage....—.—.-.—............................ 118 134

B.C. blank flre_.....................i................... 21 10
E.C. smokeless powder.....———.————.. — ———————. 21 10
Klcctrlc primers............. —............ —— ————— 88 ( 60
Emergency landing flares-......- —...'.......———————— 103 00
Equal section propelling charges————.———————...—— 82 64.
Examination: ( ' .

Ammunition for defects———,—————..———————. 140 ' 166
Artillery ammunition........———.......—...—— 140 • 160
Small-arms ammunition.———..——................ 148' 168

Explosive D. (Set Ammonium plcrat*.)
Explosive train:

Hunting charge.——.————.———.—————————— 26 14
Propelling charge...—————....—.—— ——— ...—.. 14 8

Explosives:
Destroying.......................— — .—, — .. 168,100 180,178

. General___..............———................... 18 8
High.........—................................ 18,34-34 8,14
Impeetlon.......................................... "4 137
Low.......................—.—................. 18-23 8
Maximum quantity In magasln*——————————————— 110 112
Storage......-.. — .- —.......................... 110-118 112

Extracting artillery ammunition———.....————.———.. HO 160
Exudation of ammunition———————————............. 20,128 14,187
Eyebolt lifting plug.——————————————............... 87 68

Field parks and dumps, ammunition In———............. 168-187 106
Fire-

Fighting and protection—........ ——...... . . . . .—— 118 104
In Held parks and dumps... —————. ——..—— 168 166
In motor truck shipment*——i——————————— >44 160
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On the tiring line...........—........................ 161' 198
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Oreullo.....................___....................... 80 17
Gromincl........'........................................ 87 ' 68
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Guard—

Cartridge*.........-............-....-.:...-........ 47,48 27
Protection.................................——..... 112 103

Ouncotton........... —.—.———.—.............—.. 20 10

Hand grenade*. (3«« Grenades.)
Handling. (Set Care, handling, Mid preservation; Care and

precaution* In handling; Safety precaution*.) . •
llangfirc of small-arm* ammunition—————. —.. —— ———. 148 : 168
Harassing agent*.. ————....——..——. ——— ————— ..86-88 , 19
Harbor defenses, ammunition In..................—...... 154 195
Hexaehlorothane-Elno mixture............................. 38 20
High-explosive *hell............___.................... 79 61
High explosive*...................................... 18,24-34 8,14

Storage...................___................... 119-118 112
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Idenllfleatlon......................................... 7,8,137 4,6,142
Artillery ammunition..._____.____.___.__ '78 60
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Lot number...........__________________ 7,188 4,144
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Igniter protector cap_....___.................._... 84 67
Igniter*.............................—................ 14,84 8,67
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Interstate Commerce Commission Regulation*———————— 141 146
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fond mine. (Set Antllank mine.)
Lead aitldc __ .................................... . . . . . . 33
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SUCTION I

INTRODUCTION

ISirpow.

iHtln lined...—_____....__..___^.._.___————.. 4

1. Purpose.—onto purpose of this manual IB to acquaint per-
sonnel of the Ordnance Department with the characteristics and
hnmrds of explosives and ammunition,, and to prescribe rule*
and regulations, the application of which will reduce the hawrda
Involved In manufacturing, processing,'' storing, and otherwise
handling explosives and ammunition at ordnance establishments.

9. Scope.—a. This manual gives general and specific Informa-
tion regarding explosives and ammunition In the stages of manu-
facture, ami under the conditions In which-they may exist at
nrdnance establishments, and prescribes aafe methods and prac-
tices pertaining thereto. Safety requirements which are out-
lined herein are Hie minimum compatible with proper (life-
guarding of personnel nrnl properly. Theee,requlrcments apply
only to establishments under the control ...of ..the Chief of
Ordnance. . . ,.i i,,

b- Itegnlntlons pertaining to the storing, handling, shipping,
ami innlntalnlng of explosives and ammunition lit post*, camps,
and stations are *et forth In appropriate Held and technical
inn nun Is.

r. The mandatory requirements of this manual are those In
which the terms "will." or "must" are used. All mandatory
provisions will be compiled with unless the Chief of Ordnance
grants specific authority to the contrary. The advisory pro-
visions are those In which "may" or "should" are used. All
advisory provisions will be compiled with unless exceptions are
atithorlccd by the commanding ofllocr of the establishment.

3. Oeneral definitions.—a. Ordnance tttabHnluintnt.—An ex-
tiiblMimcnt tinder the direct control of the .Chief of Ordnance.

ft. Kfflonlwti.—Chemical compounds, mechanical mixtures, or
ammunition commonly used or Intended for producing in ex-
plosive effect. t . . . . , , . -|-
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4 (UtONANO: S.U'KTV MANI'.U.

i*. ttatardimii uiHli-rliilx.—Kxploxlvcs, pro|>ellnnlM, liiflnniiiin-
Ille HIlMttllceM. niMl lll.llc MIllwlllllll-M.

rf. Itifliiiiiituililr Kiilinlnnii-f. InlliiniiiniMc liquid* nre I In we
which give «n* liilliiininnlilc vnimni nl or hclmv n leni|ieniliire of
MK K. Inllninmnlile milldH nre I hone (oilier limn exiriiMdrcx)
which iindtT conditions Incident to hnndlltiK, plornge, or I runs-
portntlon nre likely to ciinm* BITS,

c. AniHiHitllloii.—All niiiniiinlHon or limdeil nniiminlHon com-
imncnls of HIP ly|iex Isxm-d to |I-IHI|»S, Including pyrotechnic
pignuts, milnllng chnrgcM, nnd oilier fdmllnr mnterlnls.

/. Ctirnilrat aniiniinHlnn.—The term '•rhenilcnl ammunition"
ns lined herein nppllcs lo nil chcmlciil iimmnnltlon except Hint
used exclusively hy <'lii>inlciil Wnrfnro troops.

g. Mapaslne.—Any slnielnre used, for the storage of cxitloslres
or ammnnlllon. MiiRiiKlnes mich ns the older types of ammuni-
tion ninRiizlnes, expliwlves innKnxInex, and primer nnd fuse
niiienr.lncM nre de«lKiiiilrd "II|MIVI> uroiind" inngnxIncH, ns dl«-
HngiilMheil from Hm newer Iglmi lyjie magnBlnes.

A. Htploflre arm.—Any nreii In which explosives or ammnnl-
llon nre niniiiifncfnrcd, Hlonil. prm-exwil. or ollterwlne hnmlleil.

I. Mfftpntlnc arm—An nrcn iqieclllcnlly deolcnnled nml net
nsldn for Hie storage of explimlves or nmnninlllon.

/. OprrattMff building.—Any nlrncliire, except n inngnBlne, In
which o|ieriillons |M'rlnlnlng lo ninimfncliirlni;, procendng, pack-
ing, or shipping, explosives or ammunition tin; informed.

«-. Ancillary hHlliHtiff.—Any iiiiiioppmlliiR hiilUIIng serving
operating hiilhllngx, llni-s. or plnnlH. Kxuinple.t of aiixlllnry
hnlldlng nre |mwer plimK servlci* mngnf,lnes, nml clinnge hon.ies.

I. Srrrlif maptislHi:—Any nmcnr.liie uw<d for Hie HlornRC of n
limited supply of explosive!*, nmnninlllon, or nmmunltlon com-
IMinenls In nn ofiernllng hiilldlng or line.

m. lAnc.—A sncccsfdiin of ofiernllng nml nuxlllnry Imlldlngs
used for the prmliicllon of onegnuipof nmmniilllon or ex|»|oslves.

n. Grown.—A rronp IM n clnss of nmniiinlHiin or componenta
which from n l»iidlnc coiHdcrnllun nre nnflk-lcnlly slmllnr to
iiNe fnclllly rei|iilreiiienls tnlerrimngenhly.

n. rf«»/.—One iir. more |lm*n logelher with the necessnry
nlllltles nnd hnlldlngs for chojis, Nlorngc, administration, nnd
other netlvliles.

p. RittrrHliinn:—The olwervnllon, Inspection, Inrcstlgnlton,
nnd lent of nmninnllloii nnd explosives fur determining condition.
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q. Maintenance.—The mnlntalnlna; of ntockH on hnnd In aerv-
Icmliln eoiMlltlon nml ready for Iramedlnle Inmra nod fine.

r. Arecmiffffonfncr.—Current maliitfmanro otwrNllom mich aa
removliiR runt, repnlntlim, rrmarkliiR, reimlrhut. and rnmcklng.

i. Rcnnvallon.—Tlmso innlntonance operatIons nrwtwnry to
restore to n servleenhle condition that which haa deteriorated
and which cnnimt be ninde M*rrlfcable by reconditioning.

4. DutK uaed.—Among the data and aonrcea of Information
considered In the preparation of thla manual ara tbo following:

a. Urn American Table of Distances.
b. BtnlA InWH pertaining to exploatvM and ammunition. .
o. House Document 190, RereaUeth OongreM.
rf. Wiir Depariment llnlletln No. 27,102&

. 0. I'nmplilels and regulnllona of the linrean of Bxploslves of
the American Railway Asmoclntlon î •

f. Interatnte Commerce Commission regnjatlona.
Q. Sympathetic detonntlon tests of high exploalves shell, Tech*

nlcnl Stnff Test Program 1022-120,,!! •
n. Reports of flres and explosions Involving exnlostrea and am-

mnnlllon on file In the OIBce of the Chief of Ordnance.
i Accepted codes and atnndardo. . •

BKOTIOR II
OENBRAL SAFBTT REGULATIONS

CN>nenil
Piragrtph

(or
Uracral mfetjr wguUtlont———
Pafrty rukn for foremen___.
HnMy signs *m1 ptanirds———
dsfety tools.—_.———————
Riwclsl clothing.————————
Vtnt sld_.——...._————.
Bunltstlon_______._————————.-—————————
Indiwlrlil bralth hsntnta————————...'..——————————
Qmnta____,__._...._._-./.—....:—....—..........
Rppcbil RUnril itwnlntlonii for rxploiilvec itonift..............

rcMrvKtlons «nd restricted *r*M«.——.———————

10
11
12
1.1
14
10
10
IT

5. General.—a. These regulations am general In nature.
Contingencies not covered will retrain the exercise of discretion
nnd judgment In complying with the requirements of this
tnnnunl.

ft. Existing cstnhllshmenls at which mngnsines, loading build-
ings or other facilities and Installations do not comply with Mfetjr

•
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regulation* pnhtMicd after I heir iiHixlriirlloii, mny IN* exempted-
from (In* now tii|iilri>iiiriiii< of Ilil* niniiiiiil If -awh action IN sjio-
riflrnlly nnlhorlr.iil by the t'hlef of Onlmiiu-e. However, further
modifications «r alteration* lo mirh InMlnlliilloiiH will comply
wllli I In1 latent wifely ritiMltiinrnls.

6. Responsibilities for safety.—n. Tlu> t'hlof of Ordnance ex-
errlsoN general SU|NVV|S|<III over the. snfoly iif ordnance establish-
ments. He prescribes general nnd certain s|ioelnl wifcty reguln-
llotn In n» applied In nmniifaolnrlug, hMidltig, storing, handling,
shipping, fiml maintaining explosive* and nmmunltlnn.

ti. The commanding officer nf nn nrtlimnee establishment In
solely responsible to the. Chief of Ortlnnnre fur the safety of
hid establishment, lie will enforce the mandatory provisions of
thin mnnnnl nml will he gulilcd II.T the advisory provisions. He
will prescribe nml enfiirre ancn additional safety regulations as
may lie necessary tn meet local conditions not covered by them
regnlntlmm. He will mnke n niK«c-lflr written report of any
mnndntorjr n^nlrrment In thene roKiilnHonn which he mny eon-
filter lin|tow«llilo of n|i|ill<-nllim nt liln eKinbllnhmenl. When, In
hta opinion, enndltlmm of MlornKe nre mirh (lint n Hltifflc (Ire or
<>X|>lo*liin enilniiRerii Inrpo iinnntlllm nf oxplimlrcs or nmrnnnl-
tl»n I'T progrotwlvc nfllnn from miiRnr.Ino to mnenrJne. n report
with miunnM>mlnlliiii« f»r rorrorilve nctlnn will he innde to the
Chief of Unlnnnre. Refer to pnrngrnph 2-1rf (2) (rf).

c. At eni'h e*ltthllH|inieiit, n mifrly officer will Ito npnnlntcil liy
the comnmndlng nflVor. Tlie rafety ofllrer should be the miper-
rlnor of wifely nt the extnhllshment, nml In rcKponslhlc to the
cnnimnndlnit ofllcer for the rnforcement of nil wifcty reRiilntlnm
nml rtniMlnrdu, but him no niilhnrlly to wnlrc or nllcr nnr of the
prorlxlon* of I his mnnnnl. In rslnlillslum-ntn where Ihero la n
need for |irnfemlonnl ntfety wrrlws IMTIIIIW of dice or nut lire of
onenilloiiN, n diifcly engineer will he employed.

if. A (Ire mnrahnll will !N> appointed by (he rommnmllng officer
nt nil ordnance cfltnhlMimcnln. He should lie responsible for the
proper functioning of the flrc-flghllnp orgnnlrjitlon of the enlnb-
lldhment. He nhonld condm<l InniNM'lltin.M lo Insure Hint nll'flre-
flghtlng ef|iilpnient IN In proper condition, nml Hint the flre-flght-
Ing nrgnnlxnllon fnnrlloiin prri|K-H,v, tinder the cummnmllng
officer he normnlly should IN* the bend of (he flrc-flghtlng
4»rgnnl«nllon.

r. Trained ein|>l«iyee» who linvo |nii>llloim of nnthorlty nnd re-
«|M»ni>llilllly Mhonld lie held rci*|Nin*lhlc not only for the specific
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dntlos of their position but nlso for the enforcement, of regnlfl*
HOIIN nml for vlgllnnce In de.tertlng any dungerona conditions or
prnetln-M wlllilit (heir purview nnd for reporting aame to their
Initnedlnlo sii|ierlors.

7. Omeral aafety regulatlona.—«. Tlie following general
safety regulations will be enforced at ell ordnance establish-
ment*: • :

(1) AlilFt mill c»/f«.—During operating hours, aisles and
snfety exlta will not be blocked, and doors must not be fastened
with any locks other than nnllpante catches, or other quick-
acting fastening devices.

(2) Authorltrd entry.—(a) No unauthorized person will be
permitted to enter or remain In any magaclm or explosive area.

(ft) Employees will be allowed In explosives buildings only nt
such times as required by their duties. They will be required to
enter and leave the explosives area at designated points.

(3) Clothing.—Clothing not worn during working hours will
be placed In designated locations only. • • • • . • •

(4) BlerMral aform*.—Work on haiardous materials will be
suspended during electrical storms, and the employees concerned
will withdraw to designated buildings, except that personnel
engngcd In operations with explosives must remain nt their sta-
tions until the mntorlnl and equipment on which they are work-
Ing may be left In a safe condition. .

(fi) Rtci-ttical equipment.—(employees will not make changes
In, or tamper with electrical equipment All repairs and changes
will be made by the persons authorized to do this work.

(0) Bxplotfvci handling,—Kxploalvea or hazardous materials,
whether In containers, In bulk, or loaded Into projectiles or com-
ponents will not be handled roughly, thrown about, tnmbled over
the floor or over other containers, dragged or pnshed along the
floor. They will be handled carefully to prevent shock or fric-
tion which may cause a flre or an explosion.

(7) Flro dtilli.—All employees working In combustible build-
ings, In hazardous locations, or buildings containing Inflammables
nre required to participate In such flr«,drills as mny be pre-
scribed by local authorities. A siren or similar device will be
Installed at each ordnance establishment to warn all employees
In the event of flre. • .•. .. :

(8) Flrc-fiirhllng apparatus.—Fire-flghting apparatus will not
be used for purposes other than flre lighting except by order of
the commanding officer. .

. *
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(0) f'lr«? ptn-cttllnn. — All monmires imnMhlc tnr the preren-
Iliin nml control nf fln-n will !H< nprrlwd In cxiihtfdvcs nniin
nnil In in-run limnmtlnlrl.r mljmi>nl In Ilicni. Tin* ground
nrontiil nil almr«>-grniind nuiK'trliir* nml hnlhlliigN will !N> ki*|il
n* fni* tin prnriliiihlp friHii IWIVPH, lung gran*, brush, debris, or
ftnylhlng which mny Increnw flrc hnwirda.

(10) f'frrt protrrtttm. — Kx|>limlv<* nrcnn will be protected liy
adequate flrc-flghtlng fnrllllhfi nml trained permnncl.

(11) WnH-alA Ml*.— First-aid kiln will IN* nmdo available nt
fill locations, where explosives nrn mnmifnctnred, loaded, Htorrd,
shipped, or hnmllnl.

(12) Wrtt-aM treatment.— Wrst-nM treatment will INS applied
In nil cases of Injury no matter how slight.

(1.1) FfrAMrfr* oft/rrf«. — Kni|tln.vrcs who are required to wenr
special clothing must not cnrrr key*, col tin, knives. or nny other
foreign object of nny kind during HIP (Ime they are In operating
building*.

(14) Q unr<l*. — RxploMlvcft nrcns will be guarded mlnqnntely
at nil time*.

(15) nnutckcrntny. — All building* nml magazine* In whlrh
there are explosives or ammunition will be kept clenn. Wnste
paper, oil rug*, or other fnflnmninble wnnte mnterlnls will be
plnced In rerefitnelrii nnlxldo Ihi* bnlhllng".

(1(1) Hunting. — Ilnnllng will not be pprmlltnl In pxptoslves

(17) Infant rri>ort». — (a) Kinplo.Tpc« will report lo their Im-
mediate mtperloni nil imrwuml Injuries hnwerer nllght.

(ft) n«i»ort of Injuries nt nrilnnnre pKlnhllsliniriitn will lie
mibmltled lo the Chief of Ordnnnrp nn prenrrlbetl In nppllrnble
Mfely btilletlnn.

(18) fAinnitrrlttp. — (n) Liiuiulprlng of Hpeclnl Hntblni; will bn
done nt the irtnnt nmler Ilio (Miix-rvMoii »f plnnt nntltorlllpti.

(b) UnlforiiM nnd «|torlnl rlnllilng will lie Iniimlcml nccord-
Ing to ftrheflnlcn bnned on the toxlrlty of the mnlerlnl In whlrh
they are wed.

(10) Llplit*.— lYmjiornrr nr pxli-iixlnn llghlo fur line In mngn-
fliip« or Imlldlngfl coiitnlnhiR exiilunlreH nr nniniiinlllon iwint lie
n|i|irnveit by the nnnnmndliiK «jn<-cr nml must conform with the
rcqnlrciiM'itl* rorered In imrngrnph \Mc.

(20) lArltlng nf rfoor*.— (<i) MngmMiw ibmm nnd nhnllcni will
In- Im'ki'd Krfiiif l.v wlipu i-miilnypp* iirp not In nttcmlnnce In the
iiingniilnc or In the Inimedlnle vicinity.
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(A) When PX|I|O»|VPH or nnimiinltlon am left orernlglit 'in
mm or oilier conve.viiiHi*H, Hip ilimra mimt bn loekeil nccnrcly,
exrcirf In (he OINP of railway cnr» which har« been Bcnlod for
romnierrlnl trnimlt.

(21) liMfomoffpe*.—All locomotlveB, crnnea, and other rail re-
hlclcM iimxl In or ncnr mngnclneg nr areas wlilch contain explo-
»|VPS or nminiinlllon will be of nm-li a type or BO equipped that
they cnnnot net or communicate flred. '

(22) fAinrhn.—Ltinrhcn will Ite eaten only in designated
plnceo, preferably change linuneii, nml mnit not be eaten In roonw
where exptotn>es are present. •• •• •'

(23) Machinery.—(a} Dally on beginning work employees
must inspect the machinery under their charge. Hmnloyees will
lie rrspoiiilble for the snfe operation of their machlnea.

(ft) If machinery or equipment Is out of order, glres Indi-
cations of Improper operation, or If foreign anbstancea are ob-
served In process machinery, work most be stopped on the
equipment In question nntll the cnnse of the condition or hncard
hns been removed. • • • •

(24) Machinery tenting.—After repairs have been made to
mncblncry or equipment It must be tested thoroughly and all
safety appliances replaced before operations are resumed.

(25) ifatcha.—No fierson will he allowed to. take matches,
tighter*, or other flre, flame, or spark-producing devices Into any
mngnslne area or exptoalrcs area except by written authority
of the commanding officer. •• ••

(20) Mechanical guard*.—Mechanical guards, ratlings, lad-
ders, or safety appliances of any other kind will not be removed
by employees except for repairs or denning. • Machlnea will not
be n«cd until such safety equipment hns been repinced.

(27) New cmirfiwe*.—New employee* will be Impressed with
Ihe fact that their mifcty as well as that of others depends on
the Intelligence nnd care exercised 'by- themselves and their
fellow worker*. : :

(28) Operation* In ttorago buil<Hnpit-*No operations In which
hiiBnrdnnn mnterlnls arc Involved will -ba permitted In any
stnrngn building except those nitrations •Incident to storage.
This requirement does not prohibit stencilling containers, or
roxtencllllng them In mngnislnes or plntforms. No open con-
tnlncrs of Inllnmmnhle liquids for stencilling, or any other pur-
pose will be permitted In or around magazines.

I
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Perm*net.—All iippllcnitls for employment must bo given
menial Hnd phyHlml examinations. The commiinilliiK nllkiT will
Im mquHislhle: fitr Ihp ebnracler nf lh<> |H'rni>niic| employed,
f'nre will IN* Inki-n (lint IKI im'iitiill.v unsound IM-WHIM nn* en-
Ruged, nnd Unit nil iu>nillw|u«llf.vliic physical defects nre entered
In (Im record of physical cxamlnnllnn.

(JW) Fo»H»Q.—All nrcnN In which explosives nnil nmmnnlllnn
nre stored will be postal In show Mini explosives are stored
therein nnd In prohibit trespassing, hunting, and mnohlng.
These signs will not ho nltachcd directly In n mngnxlna or
posted so Ihnt n rifle bullet llred lit Ilirni inny penetrate n tnnga-
*lne. Signs of standard Him nnd color nhonld he timid, for
which speclflcnllons and drawings will be furnished by the
Chief of Ordnance.

(81) Protective equipment.—(a) Appropriate protective equip-
ment will be mnde available to nil personnel whose dnlleii re-
quire It* use, nnd KM proper use will bo required.

(b) Approved goggles, Mfply Fhlclds, or safely spectacles must
be worn when employe** perform nny work In which (here la
danger of rye Injury.

(82) Placard*.—(a) Placard orders limiting the n umber of
mm nnd Ihc amount of explosives, or ammunition In operating
building* or service mngnKlnpN will be pont«d In all dices.

(A) The foreman or other Rpprlnlly ilrfllgnntcd pernons will he
rcflponalhte thnt pxptonlrm limits and permnnel limits appear-
ing on placard orders an* not exeeetleil.

(r) Opprallona will !M> slopped In nny room or building when
for any reason the number of perwtns nnlhorl»Ml by placard
ordera la exceeded.

(B3) Pomtr.—When n contlnuniia mipply of n«iwor la required
lo prevent (he possibility of fires nnd explosions In nny explo-
sives operations, an nltenmte supply of power will be provided
for such critical operations.

(31) Ifaffirap*-—Hnllrond lines nerving explosives storage or
operating areas should provide for Iwo-wny exit by rail, of all
cars contnlnlng explosives or Inflammable' materials.

(ftfi) Railroad rro**lntr.—Prominent crossing signs must he
displayed on «wh side of all railroad crossings. Opening lie-
tween the mils mnst he graded at crossings.

(30) ffr|Hilr*.—(A) Ilepnlrs to buildings or equipment must be
made by authorised and comiictcnt artisan. Surroundings must

be Insperlwl for Irnces of explosives remaining In concealed
cmcks or under flooring or flUlngs, before and after repairs to
explosives niierallng buildings nre. completed.

. (ft) HepnlrH, rniiHtruction work or ex|terlments should not bo
iitMlcrinkc.il In nn nrcn unl II I he foreman concerned has been
notified.

(37) Ro<i<f».—Itoad system serving magazines, or explosives
operating buildings should lie so arranged that trucks carrying
explosives will not be Isolated on dead end roads In case of flre
or explosion. : •

(38) Safety equipment.—Employees mutt not enter buildings
or tnnka In which there Is nn exeeaa of acid fumes or vapors
unless they wear suitable protective equipment and have at-
tached to Ihem lifelines controlled by another employee outside
the tank or building. / .

(30) Safety ihocn.—(a) Bxptoslves operator'* rafely shoes will
lie worn In nil explosives areas when required by this manual.

(ft) Before nn employee enters nny magazine or building In
which explosives are stored or processed, shoes will be cleaned
carefully of all mud, grit or other foreign material.

(40) ttmiiafton.—Change rooms, lockers, drinking fountains,
washrooms and toilet facilities will be provided In suflldent
quantities to provide nnfe and healthful working conditions.

(41) Searohei.—Frequent searches will be made for forbidden
articles. These searches should Include all personal property.

(42) RnwMnp.—(a) Smoking will be prohibited In buildings
or In the vicinity of buildings containing explosives, ammunition,
or other hazardous material. Hinoklng areas will be designated
nnd strictly regulated by Ihc commanding officer.

(b) Smoking In clothing which has been contaminated by ex-
plosives Is prohibited.

(o) Arcns designated by tlie commanding officer for smoking
will be furnished with electric, lighters only. Matches and port-
able lighters will be prohibited. , ' '

(43) OTffffr.-'-In all explosives operations provisions will be
made, Insofar ns practicable, for • neutralizing, eliminating or
grounding charges of static electricity.

(44) Tool*.—(«) Safety tools will be used In explosives areas
when required by this manual. '

(b) Tools used In repair work In buildings containing ex-
plosives or used In explosives operations must be checked In
lieforc beginning work nnd checked out at Its completion.

m\
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(45) Training.—(n» Kmpliiycc* will Im Inilnnl under Ilic
direct mipcrvMiin nf foremen <ir cxfierlciMiil workmen unlll
Ihi'.r are <imi|iciciil In perform wifely I lie work aNMlKiied In
I him Tim locniliHi ami tiw »r Hixl-nlil kiln. flrf'-flghf.lng
npimrnliiM, nml i»xlln fniin InillilhiRH nml nreiin will IN- carefully
explained.

(») All employees will In- mipplleil wllh extracts of I ho
liit|H>rfnn( rcKiilnllima and ewenllnl rnlc* concerning the sta-
tion, preferably arranged In the form of n miiiill booklet. Them
regulations shimld Include not mily general regulations lint
specific regulations which n|i|il.v lo UH> pnrtlculnr establishment,

(ft) Guard*, electrician*, carpenters. ninl others who are. not
regularly employed In handling cxploalves and niiimitnlllon lint
who mny occnnlnimlt.r cwne In contact with Hiirh materials will
hare the dangers nml the possible, causes of firm nnd explosions
cnrcfiill.r rxirtnliml In (linn.

(40) Tr<in*imrtatit>n.—(a) The currying of linr.nr<loiis mn-
trrlnla <m liM'iiimillvpn, «r mi «>(h<>r rchlrlcfl nut nnlhorlcrd n.v
the rnminiiiullng filllrcr, In iirnlillillcd.

(ft) lU-foro any railway cnr iiiiilnlnliiR pxpl<H<lv<i« »r nmiiin-
nlMon In movi-tl I ho mr clm>r« will \<c rliwwl.

(r) If, during onM'reoncInt II In in-ft-jwnr.v fur loromollrofl
which do not comply wild HIP provl«|im« of pnrngrn|ih Ti» (21)
to 1mm hnlldlngit In which i-xpdislvcH or nininnnHlon are alored,
or In which Mpliwlvo* »|K<I-IIIlium arn In pntcrc«o, (In- doom,
wliiihnTfl, nnd olhiT o|M*nlng)i of llm linlldlng on Ihn Nldm adjn-
rwil lo llm I rack will ln> cNimil wlilli- HIM-II ImtminllrrK nrn
INI wing.

(rf) I^miniiillvm iniixl n»t rciiuiln In friint of hnlhtlim* IIHI-
diliilnRcjpliwIvcunr hnxardmin nmlerlnlx for n (trciilor HIIM- thnn
H nrcpumiry lo qNil cnr.i for ImulliiK or nnliMiilliig |inr|N«wn.

(A) Trnckn nwil In I he lrniH<|i<>rlntl»n »f Imwirdoii* mn-
lerlalfl or expl'wlrpn iniif<l !M< kcpl In good oporittliiR rondlllon.
Tim proprr niiiliilciinncc mill lns|icctlon of mirli vrhlclrs will
be prcwrlhort hr the ronnnflndlng oflb-rr.

(H Trnrkx or oilier vchlrlrs liwilml wllh tin^nrdoiin mn-
(prlnb iiinxl n»t nl»p at liny |Hilnl where n Ore inny !M> burning,
Including hlnckmnllh phop, forgi*. wHilIng plnnf, burning grtnind,
or Im-oimillvo. A truck mi lonilcd will not !N> left nngnnrdnl.

(47) f/n*<if« rntidltlnn*.—<n} Any nnd nil mwife cinidlllmiM In
or around mngaclnei or niannfnclnrlng bidldlngs or eiploslvcs
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arena will ho Immodlnlely corrected If pomlblo or promptly
rcporlcil by einpl(iyiit< In their ImnNMllate an|N*rlor.

( f t ) In rxlrn hnnmlnim londlng or handling operation*, mm
mnn will not Im permitted to work alone, or In a location whero
nmlHlaiH'n from n fellow employee cannot bo given Immediately
In the event of an accident.

8. Bafatj rule* for foremen.—a. Tho word "foreman" In thla
manual la nacd to Indicate nny peraoa who la In a anpervlaory
cnpnclty. .

(1) The foreman hna no authority to waive or to alter anfety
regulallona, or to permit their violation by other*.

(2) All foremen will fmnlllnrlne tbenwelvea with the provl-
nlona of thla material. . . . / • : • !

(8) The foremnn ahonid explain and Invite tho nttentlon of
all employees under hla Immediate: aupervMon to atandard
wifely regnlatlom, atreaa the mceaaltjr of all employe** living
up to tho spirit, as well aa the letter, of mfety regulations for
their own nakc as well as for tho aake 'of others, lie ahonid
explain as far na possible the character of tho explosives, the
precautions to he followed, and tho hacards dim to Are. Mid ex-
plosions If Knfcty requirements are not carried out.

(4) He should supervise the Instruction and training of em-
ployees, either directly or through .experienced operators, until
he Is mtlsflml that the employees can • work alone. Thla Instruc-
tion should Include the means of .exit-from buildings and arena,
the location of shelters and bombproof*; flrst-ald kits, flre-nght-
Ing npimrntim, showers, plunges, neutralising solutions, and tho
methods of operating tho aanic., i .„ ui v •

(5) He should report to his Immediate superior cases of ill
employees who, In hla opinion, are not :fltted for tho work to
which they have been assigned, i , . . . . . ; ,, - ,

(0) He should oatlsfy himself as. to the Identity of any per-
sona entering or approaching tire bulldllngs, and their authority
lo enter or remain In a building or area In his charge. He has
the authority, nnd ahonid exercise the right to eject any .person
whose presence or actions am prejudicial to safety!

(7) Ita should lie renponnlhle for the enforcement of placard
orders. When tho total number of persons, Including operators,
foremen, truckmen, Inspectors, repair men, visitors, and flor-
ernment representatives, exceeds tho number permitted In tho
room. It Is the duty of the foreman.,to cease operations and

—it—2
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Invllo Ihe nllmillim of the pcopl,, tmt regularly employed In
Hie building to Dm excw* nitmher.

If Urn notice IH not cfTcHlvi' In rcilm-lng the iininltcr «f INTWIIM
In Hit- r<Niiii or linllilliiK lo (In- nninlM'r |M>rmllliil, lie Hhoiild with-
draw hi* crew, until they limy rHiirn lo work In ncmrdnnro with
Ilio safely rcgulallona.

(8) When Iho niiMitmt of cxploxlvcft In n room or building M-
CMMlfi tlio amount permitted, the foreman Mhoiild have I he nimnint
In excc*s removed, or cwmo operations (luring Urn lime the ex-
CCM rcmnliis In the hnlldlnf.

(ft) He should require pcrmlwilhle tools, not In use, to Iw
In plnre on a tool honnl or holder. In cane of the torn of looln
In manufacturing |>riHf*N rnotm or building*, operations must
he atoppod nnlll ho In mtlitfled Hint Hie lout tool cannot become
the source of additional hnwird. Alxn he nhotild me that the
regulations regarding safety uniforms nnd safely nhocs are
observed.

(10) The foreman of each Mil ft or crew should be nnmonnlble
for the Hennllnem of the ImlldlnR. lie Rlmnld ninlnlnln all
nufpgimrdu, prrrent Ihe blorklnK of wifely rxlln nnd nlnlrfi nnd
enforce nil wifely tvKitlnllmiN nt>|)l.rlti|t to Iho eniployron under
hla mperrlftlon.

(11) He Hlimild not iicrmlt nmjor rrnnlrn or elinii(^n In any
building, machinery or equipment In Imllilliim containing hac-
ardona malerlnli. exrent In acrordnneo with nperlflc InstniHIoiw
of Iho rnmnmiiillnr oflk-or. Ho nhonld onfon-e Ihe mifHy Mtnnd-
anlii In hnlldlnRH nmler rifinlr In hln nrofl, nlllioiiRli Ihe rrfinlr
force mny not Im midpr hln orderx.

(12) At Hie clow of work lie Rlmnld mtlnfy hlmfwlf tK'fore
Irnvlnc, (hut all condltlmm In hln mom, ImlldlnR, or itmt with
reKnrd to a nhntdown. comply with ordcra. When not re-
llrrnl by a uhlft, ho nhonld n<e Hint window* anil doom nre
cloned and Im-kcil. and I hut any mnMrr pnwor or light
Mwllrhen onlflldo of Ihr building arc opened. When bin nhlft
In being relieved by an Incoming nblfl, he Rhoiild mnke a com-
plete report to hi* relief of any equipment requiring Immediate
attention.

(13) He fthonld Inspect and mnlnlaln. or muse lo he mnln-
Inlmil, Mloi-kH of gogghv, gloves, RininllctH, pin mnrtkx, npronn,
hclmelfi, nafely uniform*, en My utinc*, and ouch other mfcly
Iniplcmrnts, acnvwirlm, nnd np|>llnnrrfl an nre n>qnlred on Ihe
work with which he IN rhargcd.
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(H) lie Hhottld bring lo the attention of hln Immediate
minerlor all plncen whore railing*, footboards, llghla, gimrdu,
liiNHlN, automatic Nloiw, or mfoly applmncm am required; alao
all plnccN at which Mprnyn, nhowcra, plunge*, ahellcra, or iMimh-
pronfa are dmlrnhlc.

(15) He ahould report to hto Immediate miperlor all canes,
where. In lil« opinion, Ihe employee* lack eufllcleiit room for the
perforninnce of their dntle* or whero aufflclent Tent lint ion, heat,
light, or other necessities are not being nnppllcd.

(10) He should forward to bin Immediate superior all re-
quests, suggestions, and complaints made to him, together with
such comments as he may hare, with regard to safety standards.
Those should lie In writing and should be a part of the safety
records of the phtnt. • •' ••• ':•

9. Safety signs and placards.—«.. All operating rooms con-
taining explosives will have posted In k conspicuous place a plac-
ard order stating the maximum amount of .explosives, and the
maximum number of persons permitted In the room at any one
time. In addition, such other placards aa may be needed to set
forth Important locnl regulations should • be- provided.

10. Safety tools.—Safety tools are tools constructed of wood
and other nonsparklng substances, or of bronie, lead, beryllium
alloys, or other metals having low sparking, characteristics, and
which, under normal conditions of use,:will not produce sparks.

11. Special clothlng.-<-a. When-manufacturing or handling
some hnmrdons materials, special clothing" Is required.' Safety
uniform* and special clothing will bo worn ••prescribed by the
commanding officer. The milts for men and-women must have
ho metal buttons. They should have no podtets except skeleton
pockets. Woolen clothing Is recommended for men engaged
In handling acids. When safety uniforms are required, a com-
plete change of clothing la recommended. Street clothes should
not bo worn at work, and the clothes which are worn at work
should not be taken from the plant nnless they are In safe
condition. ' . -

D. The design of clothes sltonld bfvraade to fit requirements.
In the handling of some materials used hi the manufacture of
explosives, the slight friction caused by clothes which flt tightly
at the waistband, belt, or around Ihe neck to sufficient to cause
Irritation nnd possible poisoning of the employee.
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n. Employees who are required In \vi-iir >wf"ly uniform* nnwl
not carry keys, <I>|HN, knlvcji, or itiHnl ttt niiy kind during (he
time they are In <i|wnllnK hulldlnK*.

rf. R|M-clal rondllloimri'qulrcfiprclnl footgonr. No Rcncrat type
nt fiNtlRear inn be used universally. Whore there In flue ex-
plosives diiat, an In n smokeless fiowdcr blenilnr or black powder
lonillMK plnnl, niHl where there IH danger <>f IgnlllnR i-xiihmlvcs
vaiwrs by alatlc electricity, an In the graining room of a smoke-
lem powder factory, personnel must not lie Insulated from the
floor. Hence, footgear with insulating soles IB forbidden. They
mimt contain no exposed metal or nictnl which may become ex-

•ptweil through wear. Koolgriir with c«nn|Nnltlon soles meeting
the Reneral rcqiilrementa stated above may be worn when ap-
proved by the commanding officer.

18. First aid.—n. First-aid kits will be Installed In all parlH
of lira plant In which iwrsons are regularly employed and
which In the opinion of the mirReon arc too remotely located for
the prompt and efficient rendering of flrat-ald treatment by Iros-
pltal or dispensary personnel. Workera not regularly assigned
to specific locations, such aa magazine area pcrmnnel, will be
provided with portable flrst-ald kiln nndcr mich rules and regu-
lations aa may be timcrNinl by the surgeon.

0. In addition to first-aid kits, the need for stretchers, blankets,
safety showers, gnu masks, and mine reacno units should be de-
termined by the surRcon and such er|iil|mient ns Is necessary
should hn regularly kept In convenient locations known to the
personnel concemeil.

r. The surgeon will make or cause to be made such Inspee-
tloim AM may lie necessary to Insure that all first-aid kit*
blankets, and stretchers, and other Items of flrst-ald equipment
are maintained In Rood condition.

if. For erery no perrons or less at work In plnnts niannfactiir-
Ing or using hnr.nnlinis materials, there should be present at all
times at least 2 persons who are competent to apply flrst-ald
remedies ami who are trained In methods of resnsritatlon. Usu-
ally, arrangements mny he made locally for proper flret-ald
training of selected employees. These arrangements should lie
made either directly wllh Antwlcnii Red Cross Association ofll-
elals, or Ihrnngh the office of the imst mtrgeon, at the discretion
of tlic conunBndliiR officer.

MANOAL IT
e.. Vlrtlms of attacka of cramps, coughing spells, nausea, or

sIckin-HM due to ex|Nmure to acid fumes, vaitors. or as|ihyxlnlliiR
RHWS niiiMt |M> Irciilfd Inimedlalcly by n |iliyxlclnn. ItiwpiHisl-
blllty for compliance with this rule lies wllh Mm foreman.

13. Sanitation.—a. The lack of sanitation In any establish-
ment affects the alertness of workers. Accidents frequently
hnvo liren traced to unsatisfactory conditions and to unwhole-
some and unhygienic practices. Observation of certain standards
tends to eliminate accidents, discomforts, and Industrial
poisoning". . • •

5. A sufficient number of adequate change rooms should be
provided In all areas where changes of clothing are required.

c. Distribution of sanitary fixtures depends on local condi-
tions. Shower baths, wash basins, and toilets, should be pro-
vided as required. The plant should have an efficient aewer
and waste disposal system to which all sanitary fixtures and
appliances are connected. •'

(I. Drinking fountains In selected locations should be provided
aa required. These founts Ins mint comply with modem sani-
tary standards.

«. Dispensers or other means for supplying salt tablets should
be provided near drinking fountains'serving locutions In which
the nature of operations might result'In heat exhaustion.

f. Industrial wastes will not be disposed of through sanitary
sewers, septic tanks, or sanitary filter beds. Waste water from
laundries whore explosives operators' clothing la washed or other
waste water containing explosives will bn disposed of ac|tarnlely;
and settling tanks or pita will be provided In all cases In which
the quantities of explosives In the waste water may constitute
a hazard from settling or by contaminating soil or water.

14. Industrial health hac*rds.—A great ninny manufactur-
ing operations Involving the handling of Industrial solvents or
certain toxic explosives present serious hnsnnls to the health
of operators. Bxnmples are the toxic effect of fumes from such
materials as rarlmntetrachlorlde, molten~TNT, and the allrgrlc
effect of these or similar materials upon certain people. The
presence of Industrial'health bswirds should lie determined by
safety engineers working In cooperation with appropriate medi-
cal authorities—the post surgeon, If available. First-Bid sta-
tions will render first-aid treatment Any required subsequent

Ilir-
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(rcnfment In covered li.v regulation* of (lie CompcnmflonOiiiinlmlon.
IS. Guard*.—if. An enimlx nl nrdnnncc cxliihllNltini'iit* may

cotiHlNt iif nillllnr.v |icrxniim-l, rlvlllniM. or hold, nnil IIM (heir
are other lucnl romlldniiM iifTcrllng gnnrd protection, not com-
until lo nil cslnhllNltmcnfti, the general wiltjocl "Utmril prolrcllon

' for Ordnance Ks(nliHnlimenli«" IH covered liy Army Itcgulntlons
nnd tKliiiliilpfrndvi! order* of (lie Chief of Ordnnnco.

6. Blnra there arc ecrlnln *|icclnl snfcty preen utlon* which
miMt he observed In guarding Mitre* of explosives nnd nnimuiil-
llon. It In I hi- imriNiMii «t (hid unction to w( forth npcclnl anfety
rcgtilntlniM which will Im strictly enforced nnd obeyed In gunrd-
Ing afore* of explosives nnd nmmnnltlon nt ordnance esfnh-llshmcnt*.

10. Special guard refutations for explosive* storage.—a.
•iHgncInc* nml area* In which there lire explosive nnd ammnnl-
llon will IH? guarded HiliHpuili-ly nt nil (Imps. If employee*
working In n nmimcliie or ningnrlnc nrm nre utilised for thin
imrpnw Ihi'lr iwttoimlhllldcw rclnllvo (o gunrd dut/ must berli-nrljr dpffm'd.

b. Umtnlfl nml olhrrn In rliiirRc of explosive* HIM! nmmnnlllon
will !N> (hitrimRhly liiMnip(<-d In (ho linimnlfl due to lire nnd ex-
Itlwilomi nml din mfetjr |>rrcnntl»nn lo he Inken.

r. In ranking li»«|iiT(li»n!«, »|irclnl nttentlon will be paid to
fflmrdn nmlgnrd lo prntm-t wlori-n of exploslrp* nnd nmmnnltlon
lo Inonre Hint Hwy llioroiiKhly nnileniliitid their diitlen nnd nrc
IN'rformlng (licm properly.

if. (Innrdn will nmke n |irnni|tt nimrt In (he (iimmnndlnx
nflk*er or liln dnljr niillinrlwil reiirenenlnllre of the following:

(1) Any unusiml occurrence In or nenr n nniRnclne nren.
(2) OrnM or forrxt tlntt In nrong ndjnrent (o die imignzlnenren.
(3( Dniigernim prnrdii-n of employees workliiR In mngntlnen

or expl'idlrpx nrenx, nm-h nn mnoklng, niMiilhorlKOil use of lire
equipment, nnd Inmiterlno; with nnininnlllon or elertrlcnl equip-
ment

(4) Unlocked miigniiliifi doom nnd nhtitlerx, defective lele-
plioito nml rieetrle wlrc%nnd o|icnliiRM In die fencea mtrronndlngtbe mnicn*lneK.

«. llnnlent either limlrti' or on(»ldc n mngnzlnc nren who are
found imlng flrcrtrmn In'n miinner n-hleh niny cndnnger mllltnry

ORDNANCR HAFRTT MANUAL 19

ntoren will be. reported to the commnndlng oftVer. who will Inkc
mich net Inn nx IN neiinunry lo pnnlKh die offender*.

f. Mxft'pf. In ft|icclnl enimi gnnrdn protecting explimlrcd or
nnininnldini will not be mined with rlflen. A hnllel pene,!rating
a ningnzlno wnll inny cnn*e n wrloiw flre or explimlim.

f. All entrancen to mngnclno arena protected by nondlmbnble
fence* will be locked necurely unless gnardn are atatloned there.
Rliccliil precnullonn will he tnken to guard arena which are not
protected by a eultabto fence.

A. In cnno of flre, nlnrmn will be given with the greatest pna-
nlble speed an thnt net Ion mny start Instantly. Berkma flre* mid
explmilonn have been avoided by prompt action of tbe fire-fighting
force*. After giving the alarm, gnnrda will exert every effort to
hold the flre under control until the flre-flghtlng forcea arrive,
except that If a flre occurs In n doaed magnilne, they will not
nttcmpt to enter the magailne. f •• '•

f. Trespnmera who are observed Within a mngatJne or explo-
sives area will be apprehended, and tamed over to the com-
manding officer.' ' • '

17. Airspace reservations, received areaa and restricted
arena.—Hie designation at ordnance establishment* of almpaee.
reservation*, renerved ares*, nnd restricted area* are Included
In nppllcnble Army regulation*. Such additional general In-
structions concerning these area* a* may be necessary will be
published In the form of ordnance safety bulletin*.

BKCTIOM III
FIRE PKOTBOTIOH

r*tatMphOnwral_________________________________ It
dttM of Or«-_—_—-i—————..———.—..—.—.__-_ IV
Rpeelil flr«-pr*T«nlloo rabi——————.-—————————————— 99
Flrr-flRhtlnt fnclllim—————————————,——————————._ SI
Klr* flirhtln»—————————————————I——————___—— «

la Oencral.—«i. Many of the flre* Involving explosive* and
ammunition are preventable, for the causes have been well es-
tablished nnd cnn therefore bo anticipated and controlled or
ellmlnnted. It Is the duty of nil concerned In tbe hnndllng of ex-
plosive* nnd ammunition to study the cause* of flre* and thor-
oughly Inform themselves of the safety precaution* tbnt must be
taken to prevent them.

m\
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a. An flrcflghtlng farllllleM, «ririiiil*iill<Mi», nnd iitrllmilx vary
quite widely nl ili«> viirlniM ordnance CHfiiMlxlinu-itl.x and nre
affected by local ifiiidllloiiM, the geni'rnl suhjecl "Klre Prevention
Mini Kin* KMghllng" IN cm-errd liy Army ItcgiilitllmM. nnil ndmln-
iNlrallve ordiTH of Ilii- riilrf of Ordnance.

i». Mnny of tin* general wifely regulations nrn prlmiirlly for
Hie prevention of Urea. In addition (hereto, certain special flre-
prcventlve regulations arc licit-wary and are contained In tlda
section, being prcti-di-d liy n brief dlsrnsslon of I he cansea of flres,
(he pnrpnac of which IN to cxfiliilii and cni|ihaslce the Importance
of all aafety and tlrc-prcrenllon measures act forth In thla
manual.

rf. Thin section alwi riiiiliiliix rrgulntlotiN nnd adrlre an to
flre-flghflng facilities, orgniilaatlona. and methods Insofar aa
IliifWf differ from llitwe ordlnnrlly employed when atorea of ex-
irtnslves anil ammunition art* not Involved.

19. Cauaea of fired.—it. Mrc* In magazines and magazine
areaa In which cxploxlvrs and inmimnllfim are Nlored may reanlt
from several causes, of which Hie following are the moat
common *

(If Dry art**, 1aire», nail nnrfrrftrn**.—Thesemnr lie iRiilleil
liy H|mrka from liwom'Mlviw, liy HiiniklnK, or Ihe carelewi tine of
mnldiea ami ramp Are*. Siu-li nr<*N often nrlclimIP In arean adja-
cent to military estahllNhtmMilN not under Ihe direct control of
Ihe commanding officer. If they are not detected and controlled,
they may Kprcad qulc-hly nml lieiiime nncontrollahle.

(2) nctrrfm-titrrf rfftln»lrr» anil nniiiinnlHon.—Rxploxlvea and
ammunition deteriorate In aloniKe. Nnrnmlly, thin deterioration
oecnra al micli a xlnw rate Hint must exploslveN and animnnlllon
remain aerrlrahle for ninny yeiim. However, under unfavorable
KlomRe condltl(iii!i where Ihe iitniinnilllon IN milijii-leil to abnor-
mally hljrh lem|a>raliirea IndoveW* P.) or exposed to moisture
for a proloiip-d iierlml, lln» rale of deterioration N Rreally acecl-
eratnl. I'raclliiilly nil cxplnNlvi-n nml nniminililun give oft* heat
aa they deteriorate lint where the rale of deterioration Is alow
Hie heat Ihna reneraled In dlxsl|mlcd by conduction or radla-
llon and no nnllceahle rise In li>ni|ieraliir«> tnkos |>Jnre, bnt, when
deterioration licromcN rapid, bent may he generated ao faat that
It cannot be Ihna dlmlpated and the temperature rises. Thla
aiwleratca Hie df>lerlornlliin sflll more until finally the tempi>ra>
lure may hwonto hlffh enoiiRh In cause Ihe explosive or ammu-
nition to burnt Into llame and In certain cnues where lhcfX|Ho»lve

>;..'*•_.
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or ammunition la conflned an explosion or detonation may
reanlt. • • • • • • .

<3) Repacking, renovation, and intoafft operation* not prop-
rrlft *wp»'.i-|if»«-rf rtn<l ramlm-trd in norwrrfnwt-o with renognlsc4

«f«iNilifrrf*.— r̂in* most common aonrcea of trouble am ex*
ipmnllllca of powder nnd.looao exploalvca; aecnninla-

llou of waste patier, broken boxca, fete.; and failure to properly
provide the barrlcadea and flre breaks necessary to prevent the
spread of flre from one operation to another.

(4) Carctr.**n«t» or violation of rtfuluttoni.—Untrained em-
ployees or other persons may caoae Ore* i by moklng; or atrlklnff
matchea In forbidden areaa and bnlldlnga, or by tampering with
exploalvca or ammunition, particularly grenades, fuees, ete

(6) Failure to obtcrve tafr.tg prcouuUont.—Failure to under-
stand and observe carefully the safely precautions prescribed by
these regulations for destroying explosives and ammunition.
The most frequent sources of trouble are flying fragments which
cause gram flrea or explode pll«a of explosives and ammunition
awaiting destruction. ••'••>•

(0) SpArtfn.—These may bn caused by'Striking Iron or ateel
nalla or metal containers wllh Iron or/:ateel tools, or by nalto
In shoes striking flint, pebblea, aaml grains, or nalla In the floor.
Such sparks, small ita they are, have'Caused disastrous explo-
sions of black powder or the dost >of other explosives which Ig-
nite easily. They are the basis for requirements In this mannal
for non-sparking tools, ami safety-aboes; • '• |

(7) ftlntia efcr/r(c/<fA—'A couslderablechbrgo of electricity may
accnmnlatn on smokeless powder and upon the body of an opera-
tor during Hie handling operations. fi.TVhen n person an charged
aptiroachea powder or explosives, 4 spark may Jump between him
and the powder or explosives and Ignite them. -Machine belts
also frequently produce static electricity, especially If the drive
to abort and the belt crossed. When possible, the scoop ahoveta,
and other tools, used In handling amokeleaa powder shonld be
attached to n ground wire. ThW'prevents any accumulation of
atatlc electricity upon the body of an-'operator, and It also
grounds to a large extent the electricity produced In the move-
ment of the powder grains. Static generated by moving belta
may be eliminated by tha me of conductive rubber belts, or It can
bo collected and grounded without sparking, by means of a col-
lector constructed of a brasa or copper bar or pipe to which la
soldered a piece of flne copper or bran wire Kreen 2 to 0 Inches
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In trldlh nml approximately HIP Icnclh of I In* linr. The outride
Mhrp iif Hie win- m-rcon «f I he collector IN locnteil near Hie
mot Ine belt nml I he Imr IM miltnlily grounded. A pprsoti general -
Inn slnlle elpclrlHIy ii|mn lib body during hnmllliiK operation*
In it building itinlnliiliiK niiiiMMiillliin «r oxploKlvcH nlionld go
occasionally lo (In- door nml touch n *ollnhlp ground to remove
the charge. Tlio cflk-acy of liuinlillllrnlloM for the reduction of
rtnllc In a ronlroTprwInl milijrrt. Rxpltwlnnn of rnpor-lnden
nliwwpltorpM linrp ncf-nrrcd In l<N-nt|onn In which relntlve hnmldl-
lln« n« hlRh UH flfi |n-rr««iif Imre lirrn nrtlflclnlly Induced. Snfcly
hnllollnM corerliiK the mibjert nf ntnllc rnntrol will he Imncri from
time to llmpflft the mihJiTt horonif-» Hnrinml.

(8) Fnllnrc lo |»n»|iprly flnfpRiinrit hrntln* nppllnnrpM, anrh DM
torrlioa nnd fiinmcm imnd In timklng rrpnlra to mngnxlne

(0) LlKhlnlnK Mlrlkhiff litillilliiRA, trnw. or olhor ohjectx In or
nenr exphmlre «rona

(10) Klwlrlc (rnnxmlwlnn lines. Mown down or In contact
with comlniKllhle nmfcrlnln.

(11) Lnck of n |»ro|H>r nnifllcf, or Ihe HRC of n muffler cnlont,
on KHHollnp (Irltfii rrhlclHi.

20. Speelnl fire-prevention rales.— n. Pirn prevrnMon IM of
llm nttmmt lm|«»rlnn<-e brmiMc of Ihn djfllcnltlcH encoanteml
In controlling Are* InrolrhiK pxploslvcs nnd ammunition. The
ftpeclnl flm-prermllnn rnlcn m>t forth hclow nre mlnlninm re-
qiilrcmcntfi for Ordnnnce CAfnhll^liinrnM utorlng exphwlrc* nnd
nmmnnlllon. Thry will he supplemented hy xneh niMltlonnl rnli-n
n* the rommnmlliiR offlcer dewiw m^cwnry to mmro ndequnle
|H-»|orllim nmliwt llrmi nt MM MnlillHlitnent.

(1) Dtirlng HIP nlwpiirp of Hie cnmmniidlnR offlrer. there will
Iw present nt HIP mtnhllxhmiiit n competent |»erson |o net fnr
him In cn«> of flro'nr ollitr omprgpiipy. TlilM nerwm prefcrnbly
should hn n coinmlfwlmipd 'officer, hut inny lie n warrant ofllcer,
nonpommlmilnnpil oHN-pr, or plrlllnn.

(2) The dtilhm of fpinrdn, nrpnien, nillllnry fiprmiiinel, nnd
other* will IIP no nrrmiffrd Hint mi Nilci|im|p flre-nghtlng force
to nvnllnhle nt nil HIIIPM.

(3) Flrc-flRhfliiK fon-ps will U« limlntrteil HionniRhly In Hie
hnmrdfl duo lo Hre nnd explcwlon. HIP wifely prepnntloiM to he
Inkpn. nml HIP mcnim nnd mcthodn to he nncd In preventing
nnd lighting Urea.
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(4) rire drill* nnd InnpectloiM will he conducted enrefnlly to
liwurc Hint the nre-flKhHiiR force* imdcrataml their duties nnd
Hint flrc-flfthllnir eqnl|imeut functions dcpcndnbly under nctnnl
working condllloim. Horn not teMed nt working prcmnm fro-
qupiilly burnt8 when mont needed.

(0) The duties of electricians, engineer*, plumber*, nnd other
workmen who nre not regular members of the flre department,

• but who may be required'to start flre pumps, cutout electric
power lines, etc., will be carefully defined.

(6) All fire-fighting equipment, especially hand flro extln-
gnhdiera, water barrels and backets, and the supplies of aux-
iliary equipment, such as gunny sacks and brooms, will be In-
nppcted regularly as prescribed by the commanding officer. Any
deficiencies reported will be corrected promptly.

(7) nepacklng, renovation, salvage, and all operations involv-
ing (he handling of explosives and ammunition, will be Inspected
regularly ns prescribed by tbe commanding officer to sec that the
npcpflmry flre-flghtlng equipment la present and In good working
order. • ': ' " -V| -

(8) When explosives ahd'atnmnnltlon are being handled, or
work Is being done In I ho Immediate vicinity of such stores, them
will be prenent, ready for Immediate use, two chemical or other
type hnnd flre extlngulshers/M'-i •

(0) To combat gram or forest fires In or nenr mngnitlne arena,
there will be mnlntnlned'at'soltnble locations an adequate
supply of gunny.sack*, brooms, rakes, hoes, or1 other similar
equipment. It la good practice to provide a railway tank car,
truck, or trailer equipped with a pump nnd flro hoso for fighting
fires In a mngnslne nren. • This equipment will he Inspected
regulnrly nnd protected against theft or unauthorized use. '

(10) Vegetation In the form of grass, undergrowth, weeds,
etc., which Is or may become a flre hacnrd, will lie controlled by
mowing, plowing, culling, or, In cnlm weather and under ade-
qunie snfogunrds, hy burning.••Burning will not be permitted
within the 00-foot spnee specified In the paragraph below, and
brush, gross, wood, etc., In piles, will not be burned within 200
feet of a mngaislno. •'-.•>••

(11) A firebreak nt least 60 feet wide ami an free aa prnc-
tlcnble from combnstlhle material, will be maintained around
each above ground mngaalne. The earth adjscent to, and ex-
tending over Igloo mnganlnes will not be cleared of vegetation
other than dry debris.
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(12) Tim vegetation mi and along nillrond trnrica will lie
conlr»llrd mi Mint they will net as flrobronk*. '

(J.'l) In addition In I lump *|iocinod nlwivo. firebreak* nrmnut
Hie entire magazine area nnil nt oilier phut* wllliln I ho maga-
zine, area, will lie nmlnlnlitod wherever iieeeamry.

(II) Cosl-lwrnliiK locomotive* used In or near magazine areas
will lie filled with Hlli-lont («imrk arrcstum, nud opening* noitr
the Urn hnx will Im protected nnil double, ash pnns provided so
Ihnt spark* will not. Im hlnwn out nml thus cause grass flre*.

(1B) Koya lo gale*, magazines, nnd other buildings, whteh
flre-flghling forces may enter, will ho kept readily nTallable nt
mrh places a* (he commanding officer inn.r designate.

(in) Portable light* ml Infylng the r<i|iilrcmentB of paragraph
HHla may lie nurd In thn presence of explosives or Inflnmmnble
vapors.

(17) (A) Water lino* should lie divided Into sections by cut-
off valves In order that In the event of a breakage In one loca-
tion, the damaged section ran be cut off from the remainder of
the system. Water main* *honld not lie located under rallroada
or roadR which are nm>d for conveying large quantities of ex-
plosive* ami ammnnltlon. an a detonation of a large quantity
of explosive* over a water main may online the loss of all the
water In the system. Where pipe linos are crossed by roads or
railroads, no cara or trnckn loaded with explosive* or ammnnl-
tlon will he permitted to remain over the water llnca longer than
la necessary to pans from one aldo. to the other. Lateral line*
arc not rmmldercd In thin rlam. Tim latter alnmld lie provided
with a Rhiit-off valve not lent limn lid foot from hnlldlnga.

(6) In Hie layout of new (>|K>mlliiR nreaa In explofdven mann-
fartnrlng, ammnnlllon Inadlng plnntn and of new renovation
plant* nt depola, protective measure* acalnut the apread of flres
or explosions will lie Included aa follow*: All Urn hydrants
alionld Im supplied by food line* or In torn 1* (W arranged that
water can be minplled from either direction. Bnfflrlent ctit-offa
will lie. provided lo iiennlt a supply of water to any portion
of the plant, even though the water supply from one direction
la broken. 1'nrMoiilnr attention will lie pulil to lino* erowwd by
oxploslvos-iitrr.vliiR nmilx nnd riillrondn with a view to keeping
snoh rromlngn at a mlnlninm and protecting them by sufficient
rut-on* valves.

(IK) H|N<clal precautions will lit- taken to avoid Ignition of
explosive* or vapors by the exhaust* of automotive vehicle*.
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The door* through which a shipment la lo be passed will be
kept cloned while the engine of Ihe vehicle la running and will
not he ofiened until after the motor haa boon twitched off or the
vehicle him left I hi- vicinity.

(19) Flrea of either accidental or Incendiary origin In parked
•ntoinohlleii may reault In trail* of burning fuel which may
•pread the flre In adjacent can or buildings. Under certain
conditions, such Urea may result In extensive damage. Parking
within ordnance atatloni should to » controlled •• to minimise
Ihene flrc hamrda. • •

81. Flre-flghtlng faollltlw.—«.' A flre Involving explosive*
or ammnnltlon may result In an Intetwe conflagration or an
explosion. Means for Immediately attacking the first •mall
bliiM detected In a magazine or magaslne area are vital, and
reliance often must be placed Upon band equipment' which can
be maintained ready for Immediate'use. 'The following typea
of fire-fighting equipment may, under certain conditions, be need
to good advantage and to supplement the regular flre-flghtlng
facilities ordinarily maintained at ordance establishments.

(1) Wnter barrels and buckets placed at each magaclne or at
places «neclfled by the commanding officer. If this class of flre-
flghtlng equipment Is always maintained so that It can Im de-
pended upon In case of flre, It Is a valuable flre protection.
However, In the summer time, the barrels mnst be frequently
refilled, and In freezing weather, brine mnst be nsed. Dnckets
deteriorate rapidly unless they are painted frequently or. pro-
tected from lira weather, and sometimes they are blown about
by wind storms If they am not fastened securely In place. Any
devise nsed for this purpose must be capable of being released
•twill.

(2) Tank cars, tracks, or trailers filled with water nnd so
located that they are readily available , Such protection, how-
ever, cannot be relied upon In freezing weather or when facil-
ities for rapid movement lo the scene of a flre are lacking.

29. Flre fighting.—it. To combat successfully flres Involving
explosive* and ammunition, It Is necessary that the personnel
understand thoroughly what n particular kind or class of explo-
sive or ammunition will do when-subjected to heat or flame.
The sections of this manual which pertain to particular classes
and kind* of explosives and ammunition give, In aa much detail
as possible, what the experience has been with fires In that
parllculnr kind or class of material, and also the general safety
lirernutlona lo be observed In fighting the flrc.
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ft. General Instructions which will he followed In romlmtlng
nn.r fin* Involving ••xpl«!<lvi>N nnil nnininiilltnn nre as follows:

(II U'licn mi.r IHTKIIII illx«iiV(TM Miiinhc iiMiiliii; from it iitngn-
T.IIH-, or iilhrr erlili-m-e Hint n itinenxliH* IN nn (Ire, lie trill give
the nlnrm nn quickly IIH pftmllile. He will fnll In his duly If he
attempts lo go Into the hunting building, as (here Is n possibility
(lint he nmjr be lrn|t|N>i| nml cannot give (he nlnrm. When any
person dlmwvers n gram llru lie liniiiiHlliilrly will give (ho uliirm.

If llm flm In mnnll, nnd he In miru that he nliine van extin-
guish It, hn will do MI nt once.

(2) Hre-lhthdng town, when they arrive, will nKnrk n grass
flre rigorously even when It IN clone to n magazine.

(8) In nine n flre IIHN actually gnlned headway In n magazine,
fire-lighting fiirren will IN* directed not to endanger themselves
In hopeless elTorlii lo extinguish Hie flre, hut to devote their
effort* lo miring adjacent buildings.

(4) To safeguard ii|N>rnlorN, work must |H> dl*contlnncd In
buildings containing nmmnnltl<m or exidoslrcs during thunder-
storms. Operators nre required to report to the bombproof*,
shelters. or other locations where they will IN* safe In the event
lightning causes nn e*pl«mlon In n hnlldlng, except Hint personnel
engaged In operations with explosives mnxt remnln nt Ibelr
(rtmlomi nnlll Hie mnlerlnl nnil cqnl|imcnt on which they are
working may lie left In n mfe condition.

RrxrnoN IV
STORAGE, MAGAZINES AND MAGAZINE AREAS

(tenrntl Kl.... —— .
Hrtnlnllnim for nmmitlnm nnd ni*en«liM> nfrmi ___ ___ __ 94
Bbtpplnt «iHl l*c«lrtn|i bnlMlnRii.., ———————————— ..... — VB
Tjr|i«i of muRnrlnp rnniilrnrltnn... — .. _____ _____ ___ 241
Btaritft rbnrt for nplowlrni, nmmnnlllnii, nnd nlhi-r hnninlaui

imitrflnlii ——————————————— . ————————— — __— _ ZT
llllBfJ MINI Mllll-klnK....... _____ .... __________ . ___________ M
Triii|wr«lnrp rmilrnl —— _ ——— _ —— . — _ — _ . ______ J»
UehlnltiR prolertlon „ —— .... ._ — __.-.- ____ . ______ TO
r»ri» mill nmlnlrnmice ot nmimilnni — . — _ — _ _______ 81
Kppfilm (n nwumnlnm. ——— — ................ _ ________ 82
rsrr «IM! nmlnt«>niinci> of mnRRcliir nml I>I|I|K*|*I>H nr*R» ______ BS
Rnfetj mtulnllonii —————————————————— __________ 84

83. General. — a. Tin- grncrnl retriilntlnn*! gnrernlng the ntor-
ngn of inllllnry *ui|iplleN are w>t forth In All 7(10-10, Storage and

TlilH fiectlon conlnlim njirclnl regulntlonii npplylng to the
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utoragn nf enploslvcn and ammunition at ordnance MtahlMi-
meniN. Hpprlnl rrgnliilloim which apply to Htoragc of exploalvea
at innniifiiclnrlng endihllHlinienlN ara covered In |mrt III.

ft. Ordnnnce iiiiiiniiuUliHi depute nnd manufacturing aracnnla
which hare the older type of inagattnea or which afore only
limited quantities of exploKlrc* and ammunition and which
cannot i-oinply with Hie regnlallnna aet forth herein, will comply
wllh (he nplrlt of the regnlullnna and endeavor to obtain maxi-
mum protect Ion against flre ami explosions and to limit deteriora-
tion to a minimum.

o. KxploNlTCN and ammunition In quantity will Hot lie stored
In hulldlngs which are naed for other purposes. Neither will
they be stored at ordnance establishment* In the open without
approval from the Chief of Ordnance.

84. Regulations for magnelnes and magscln* anas.—0.
All explosives and ammunition except small-arms ammunition
should lie stored preferably In arch type, earth-covered (Igloo)
magaslmm. Their use for such storage Is required In nil future
depot construction; and Is authorised but not required for oper-
ating storage areas In manufacturing and ammunition-loading
establishments. (See par. 87.)

b. In order to provide flexibility In storage, Igloo magazines
will bo separated by minimum Intervals of 400 feet In all future
depot construction; and. If unprotected by barricades at the door
ends, they will he uniformly staggered to provide a safety dis-
tance of ROO feet extending perpendicular to the front from the
door of each magazine, through the Interval between the nearest
magazines of the next row, to the rear end of the nearest maga-
zine of the second row. Their distance from Inhabited buildings,
public railways, ami public highways wilt be based on the types
of ammunition or explosives to be stored therein.

e. New depot storage areas will comply with the requirements
of paragraph 42, Special Area instances.

A. For storage In magazines other than Igloo magazines, any
ammunition or explosives may be stored In any suitable maga-
zine. The suitability of a magazine for the storage of any Hem
Is governed principally by the following considerations:

(1) Tim type and amount of material which may be stored In
any magazine Is directly dependent upon quantity-distance re-
quirements. Magazines will not be loaded In excess of the limits
spcclllcd In tlicnc regulations. However, It Is desirable that ad-
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rnnlnRe ln« Inkon at I lie niiixlmnin storage, volume nvnllnhle In
I lie niiignclnc*.

C-'l Clii-mli-itl nminiinlllon IM Mlored preferably In miiKiir.lnes
ImrliiK eoniTele floors. TheMlorneenf MiH-hntnniunlllonhi ningn-

. xlnen having wooden floor* IN prohibited.
r. The following are. requirements tor mngnxlnes unit ningnxlne

areas:
(1) Magnr-lnea mn*t 1m snnVlciilly remote from liihnhltril

buildings, public railroads, nnd piilrilc highways MI Hint the
dangers nnil rlskc Involved In storing explosives nnd smmnnl.
tlnn are. confined nlm'ixt wholly to (In- ningnidnc area. 'Hie
qnantlty-dlslanre lnlilcn nf cecllmi V nre Imped upon the study
nf a'lnrgn nntnhrr of extensions, nnd contain complete dnln on
Ilils mmjert.

(2) (n) AdtnlnlftlriiHon building*, qtmrlw*. ImrrnrkM. nnd gm-
i>rnl fMnrchmwpN nlinnld !H> grmippd In n mfrty ftnnc (Hitnldo the
mngncliN! nrcn ninl nt Inhnlilltil InillillnR dlMnmn*R

(fc) In gron|m of Woo inngnxlm**. It In tint nipilrrd Hint bnlk
high i-xplimlvrd nr nmituinlllon lie nrrnngoil RO Ihnt Ilko typra or
rliiwio* nrr> loKi'lliT

(r) In gmn|w of nliovp-Rronnd iniiRiir.lnofi, rangnKlnra rwilnln-
Ing hntk rx|>ln«lvi'(>, inni»irliii>x ronlnlnlng miiohplrtw |mwdor,
inngiiKhiPN timtnlnlng prlmcrx nnd fuwn, nnd innRnslmfi con-
taining ninmnnltlon, «'iicli rtionld form drflriltr wn-tlons. Rnrli
m*ctlnit oliouhl he wi lociilt-*! Hint iln<> roiinldiTiillon In given to
the Imr.iinla nnd ricks Invnlved In nlorlng cnch clnm of innlerlnl.
Thejn> rlfkunro:

/. Tim NlriM-liirnl ilniniiRi* ri^nlllng frmn I In- rxpliwlon of high
rx|iliiMlrifi. (Rii>|mr. 37rf.)

2. The tin- ImxnnlM of mnnkelrai imwdcr. (Sii< jmr. .'(7<f.)
'.1. Tim nilnnlc IniMird of nlii'11 nnd fn»t». (Hen |«ir. 27r.)

(d) /. In nrrniiRlng Hie Mnrnge of linxnrdoim mnterlal hi
nliove-groniNl (not •imcrclc |K|IMI-I.V|«'| imieiir.lniM, I lie following
geiH>rnl iwlnclpleM MlionMl |H> follmveil nx gnkli^ for preventing the
upread nf dnninge Hininghont nn entire nren, In cnne. nf Urn or
explosion In one |mrl of Ihn nrcn:

n. Rmokelew powder or nlher mnlerlnlM which nmy becnme
Immrilom If (he hnlldlng* In which they nro stored are danmgcd
nr detnollf>he«l. or which limy lie Ignlled or enplmled hy burning
or exploding mlimilcM. Mhonld lie Mored nt Inhnblted hnlldlng din-
tnnceii from high cxplnMlre* nnd nniinuiilllmi nmgnclnex.
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b. Bulk high explosives or bombs should be stored no they will
be protected from missiles which may bo thrown from ammuni-
tion mngiiBlnca as n result of explosions. Tills principle requires
n mngnxlne In which bnlk high explosive to stored In bo at missile
distance from a magazine. In which ammunition Is stored.

c. In applying the principles set forth In aiibparagrapha a nnd
b above, magazines laying between areas in which ammunition,
high explosives, or smokeless powder are stored, may be used for
the storage of such other material as will minimize the danger of
tires or explosions progressing from area to area.

2. It should be borne In mind that the probability that one ex-
plosion will result In progressive damage Increases In proportion
to the extent to which these principles are relaxed.

(8) Good roads for use by guards and flre fighters shontd be.
provided. Itoads for traffle to and from the safety lone should
not pass through the mngaclne area.

(4) Good drainage facilities should be provided In magaxlim
areas, as some explosives and ammunition deteriorate very
rapidly In the presence of moisture. •

(5) Magazines should be constructed of materials which In the
event of an explosion will not form dangerous missies or fire-
brands. . . . .

(0) Magazines should be fireproof unless the hazard Is one
which permits the use of a frame building. All frame buildings
should lie covered with fire-resistant material, sneh%as corrugated
sheet asbestos. '

(7) When wooden floors nre nsed, the finished floor should bo
laid so as to avoid cracks and crevices where spilled explosives
may lodge. Narrow fongned and grooved material. Mind nailed,
should be used In laying the finished floor. '
. (8) Construction of n nature which might allow the accumu-
lation of explosives dust must be avoided.

(0) All doors to magazines must be constructed of flre-
reslstant material, and mnst be made to flt as tightly ns
possible to seal the opening.

(10) MngiiKlncs usually nre not wired for electric lights; but
when electric lights are used, the Installation shall conform to
the requirements of paragraph UOn, .

f. The maximum quantities of ammunition and explosives au-
thorised nt Khlnplng and receiving platforms, ami at packing ami
shipping buildings, will be limited by the distances to the nearest
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Inhabited building. |iiibllr nilln-nv, public highway, operating
building, magnglne, or iitmv imrklng, Mhlpiilni:. op nwlvlng build-
ing or iitnirorin for Inn classes of cx|Ho*lvo« or nmmniilllon
concerned. Hlilpplng anil nt-clvlng |ilnir»riiiH tuny !N> used for
(tacking, crating, nml KlcnHIIIng o|N>rsllons, Imt will nol he used
for .soldering or renovation ois'rallons.

88. Temporary storage in shipping; and receiving; build-
Ings.—a. .Ammunition nml cxplonlvcs may, mihjrct to tlin follow-
ing limitations, lie stored, In amirdnnrn with the Loading and
Storage Chart of Explosives nml Oilier Dangerous Article!! aa
contained In tlie Interstate Commerce Commission regulations
for the tranaportallon of explosives and other dangerous articles,
In buildings rpeclflcallr designated and imcd aa parking; or

•shipping buildings.
o. Income shipments will not. bn allowed to accumulate but

must be distributed aa aoon aa practicable after receipt.
a. Itema for outgoing; shipments will not be accumulated prior

to receipt of order* covering each specific shipment.
if. 8|»eclnl mmna will be provided for I he temporary atnrage

of ammiiiiltlnn and explosives awaiting shipment, ami for their
preparation for shipment by assembling, crating, marking, etc.
Theae rooma will IKS acparalcd from each other ami from oflcea
and rooms In which Inert operation* men aa the preparation of
atenclla and packing and crating malerlala are performed, by
anbatantlal dividing walla ao constructed that they will act aa
flro walla. (See iiar. 4-1.)

c. Not more than three cnra of ammunition or explosives, In-
rlmllng Imlh Incoming and onleoliig cars, will bo. |N>rmltleil at
a Mlilfiplng or receiving building, ami not more Ihan three loaded
cara will lie permitted at a building used as a combined whipping
and receiving building. In no cane almll the total amount of.
cxploftlvca contain In earn and building* combined exceed that
authorised by the Intraplant qniinlllr-dhitancc table for the dla-
fance to the nearest magazine or operating building. This para-
graiih apftllea only to Kiich pncklng and/or receiving buildings aa
are mwd for material stored In accordance with the I. 0. C.
loading chart, and not In accordance with the Moragc chart in
apiwndlx II. (Bee par. 4fe.)

f. These shipping and receiving buildings must also comply
with prescribed safety distances with respect to Inhabited Imlld-
Ings, pnhllc railways, ami iniblle highways, Imscd on the ammuni-
tion and cxplosivcB In buildings and cnra combined.
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86. Types of magneto* construction.—«. MagaRlnefl which

may lie found at ordnam-o calnhllshmcnls are deslgnaleil M "ex-
plosives tmigHiihicM," "smokeless isiwiter magaalnes," etc., but
Ibis designation does not limit storage as explained in para-
graph 21, above. Following brief description* of each type are
based on most recent designs. Further descriptions and details
of magnclnes may be obtained from the Chief of Ordnance.

(1) Concrete, orvn-type, earth-covered (iyloo) tnaffafituu.—
These magaiilnea are Intended for the storage of all type* of ex-
plosives and ammunition except small-arms ammunition. They
are 20 feet 1% Inches wide and of lengths 41 feet 0 Inches. 01
feet 10 Inches, and 82 feet 2 Inches. They ire constructed of
concrete foundations, rear walls, front walla, and arch roof. The
exterior of the arch ring and exterior of rear wall era covered
with membrane waterproofing, and directly against this mem-
brane Is deposited a layer of sand; over which to an earth fill.
The thickness of the fill Is limited to 2 feet above the arch ring.

(2) Temporary Igloo maffarlue*.—Igloo raagaslnes fabricated
from sled ami covered with earth have been adopted for emer-
gency use. They are constructed In various sites by varying
the number of sections. . : , . , , . , , -

(8) B*plMtvei wagns\*c».—These magazines were designed
for the storage of bulk explosives, such as.tyack powder, TNT,
tetryl, ami explosive|D. .They are 2T feet 16. inches wide and
43 feet 4 Inches long and when grouped together in a nSagailne
area nro usually aimced 800 foot apart They ira constructed
with concrete foundation Walls end piers, hollow-tllo walls fllloO
with mind, steel frame, and concrete floors covered with Spark-
proof mastic or equal topping. The doable pitched roof sap-
ported on steel purlins and trusses, to of corrugated asbestos.
The celling supported by ateel benms from the bottom chorda
of the trusses Is of corrugated asbestos covered with flre re-
sistant insulation such as rock wool, or equal. There Are venti-
lators on the roof and In thn foundation walla below the floor.
The ventilators are always well screened or baffled to prevent
the entrance of spnrhs. The hollow-tile walls are tilled with
sand to stop rifle bullets. These magaslnes were originally de-
signed for the storage of 260.000 pounds of explosives; but with
ample aisle space for Inspection and shipping, ami piles of con-
venient height, the amount la usually limited to approximately
100,000 pounds. •
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(4) Rntakrtr** funnier nuif/titlnr*.—Those miiBnxIncn wore de-
rtgued for flic storage of nniokch«H ftmvilrr In IMIXIW or In the
form »f **|mrnle limdlnit iiniiH'IIIng i-lini(,•«•". They nre .'17 fii-l
11 Inches wide iiml III! feel lung mid whm gniii|iiil lugi-llicr »rr
nsnnlly npnced 3«0 feet npnrt.. IMnlln of nm*lrw(lim are slml-
Inr to those outlined under pxptoKlrrn iniigiiEliica Tlirnc magn-
Klmn originally were deigned for the morn UP of fiOO.OOO imnmlii
nf iNtwdpr In boxes. The nmount of |Niwdcr In flic form of
propelling chnrgc* which ran lie stored In n mngnclnc of thin
type la usually lew tlinn this.

(B) Prlmrr rtnrf futr tnitpatlnen.—These mngnislnea were de-
signed for the storage of primer*, primer detonators, adapters
nnd boosters, nnd fnxes of nil lyimi. They arc 27 feet fl Inchon
wide nnd 43 feet 4 Inches long nnd when grouped together Are
nmmlly spaced TOO to 400 feet npnrt. With respect, to construe-
(Ion detail*, they nre nlmllnr In explosives magazines. Their ca-
pnclly Is not stated In definite figure* became the number of com.
poncnts thnt mny be stored In any one mngntlnc depends not
only on the rnpnclty but also tnkes Into ncconnt the dnnger of
lotting nil of one type of comiionent If stored In one mngmlne.

(0) Ammmiltlnn maya*!*™.—Thmo mngnzlncfl were dealgned
for the storage of fixed or «e|mrnli> londlng Rhcll and alirapncl.
They are 51 feet T Inched wide nnd 218 feet 8 Inches long and
when grouped together nre nmnlly unitced 800 feet part. They
are comtntcted with concrete foundation walln nnd plera, hollow
tile walln, fiteel frame*, and concrete floors.. Ootmtrnctlon rfe-
talla arc almllnr to Ihone of rxplofilvcn mngnzlnra. The capacity
of thene mngnrJum In not Alnted In oVMnlle flgnreit bccaiiM the
nnmlmr of nhell or nhrnpnc! Hint mny be ntorcd therein Is regu-
lated by the qunnllfy-dMance Inlilrn (nee. V) nnd by other Mfety
requirement* which limit the number of fthcll to n pile and tho
dbttnncea between pllen (ncr. XIV).

(7) ITarcaoirtc*.—Them Hlrnctnrai arc slmllnr to commer-
clnl wnn-lionncs. They hnre willil fonndnlloiw of concrete, con-
crete floor*, nnd brick or Illi* wnlln. though oilier innterlnln, mich
nn nheet axlmiton, aim ban licen nxed. llmifn are nmially of
nheet nslimlos or of I he built-up t.vno. WareboiiMw mny be med
for the Rtorngc of nmnll-nrniN nnimunltlon. MHllum nitrate, and
other material* which arc not cxirioslvc hnenrds.

27. Storage chart for explosive*, ammunition, and other
haurdou* materials.—A churl showing iicruilmlblc storage for
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nmmiiiilflon, nnd other hazardous materials la In-
cluded In Ihln mannnl In apficndlx II.

28. Piling nnd stacking.—n. When a apeelfle method of
piling or stacking In not prcnrrlhcd on ordnance drawings, explo-
Hlvcs and nmmunltlon will be filled or stacked In accordance
with Alt 700-10 and the following special regulations:

(1) Explosives or ammunition In piles will be segregated by
lot.

(2) A ventilating space will be maintained between the bot-
tom of the pile ami the floor to protect the material In the pile
from water anil dampness.

(3) Methods used for piling and stacking will provide for
good ventilation to all parts of the pile/ Dunnage will be used
If necewwry. .' •

(4) Aisles will be maintained so that unit* In the pile can
be Inspected, Inventoried, and removed for shipment or anrvell-
Innce tests. •

(0) Partly filled boxes will be marked plainly and placed In
conspicuous places on top of the proper plica.

(0) Inflammable material, such as dunnage and boxes,' will be
ellmlnntcd or reduced to nn absolute minimum In magaalnea con-
taining class 0 and class 10 materials. •• • ••

(7) The requirements of paragraph 89 will be observed care-
fully.

29. Temperature control—a. Sudden changes In tempera-
ture may dnmage airtight containers, or may result In excessive
condensation of moisture In the air. If the (temperature In «
mngaclne exceeds 100° F. for a period of more than 24 hours,
(he magazine will be cooled by wetting the exterior of the build-
ing with water or by opening the doora and ventilators 'after
Ritnwt nnd closing them In the morning. If these methods do not
prove effective In lowering the temperature, the commanding
officer will decide whether the stores are to be removed to some
other mngnclne, nnd report such cases to the Chief of Ordnance.

6. When temperature Is controlled by opening the doora after
minuet, effective measures will he taken to protect the stores
ngnlnst fires, and provision will lie made for closing the- doors
In case of rain. •'

3O. Lightning protection.—a. It Is the policy of the Ordnance
Department to equip all magazines with an efficient lightning pro-
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tccllon system. This nj-nlrm IN ohown nml described In detail
on drawing!! nml In H|Nx-lflrniliiiin «f lln> Urilnniicc Department.

>. 'Ilio essential part* of lli<> Installation arc nlr terminals,
conductors, nml ground terminals. The nlr terminals nn> points
«f noniiimwlre ini*lnl I'lrvnliil MM high nlmve KM* building MM pos-
sible, CondnrlnrH nr«> cnliK* or roda which connect the nlr
terminals with cnrh olhrr nml with the ((round terminate.
Grounds, or ««arlh li-nnlmilx, tin* ii*mtll.v ropiH-r pliiht* wir-
ronnnVd by Hmrcoal nml hurled In Mm ground Mow the wiilor
level of (Im subsoil. HmnPlhiHw i-him-onl coups only nro nmnl
•ml In exceptional cases water mnlns nml rnllronil truck* have
been used as grounds.

C. Tlifi purpose nf Ihr lightning protection system IN In pro-
vide n mclnl path »f low miMam-p fnr the discharge of electrical
currents from the nlr In HIP Rroiinil without dnninge to the insgn-
•Ine or UN conlctils. If miy of (In- jmrM of the nyntpm nre
eorrorfpil, hrokm, or |x«irly tnnlnllnl, Ihn rrslstmiro offrrwl to
the nnnmRK of rlwtrl«-nl eiirrmitN IN liicreiinotl nml they may
tnko the more fnvornhlc jwlli thnineh th« hiilMIng nml ltd
cimtcnla, thus cunning Hit* or pxirtoaloiiN. ICxpcrlcncp. ahowN
that (Mprlorallon In moNt nrllvp. nt tlio |rincpN whern the ciin-
dnctorn enter the ground.

rf. To ohtnln mnllnnnnfi ami rrllnhlp protpfllon, Heliltilng
protection ayalpniN will lie himicrlpd nrnilnnniinll.r. Once earn
year earn n.rnlcm will IIP lcNle<l plpptrh-nlly In accordance wllh
InatrnrtloiiN fnrnlxlipd hr the Chief of Ordnance. The results
of Ihpm textN, lonPlhrr wllh a diwrlptlnn of the defecta noted
nnd the renalrN made, will lie forwnrdpd to the Chief of Ordnance.
InMrnrtloim for the •<•*(« ami (he e«|iilpineiit to make Ilii-in, If
not nlrendy an hand, will lie rctjucRlcd from the Clilef of
Ordnnnee.

a. Addlllonnl reqnlrempnlx for lightning protection ny^lrnw nre
cowed In appllmhle onlnanee mfety hnlletlnii.

31. Cnn» and maintenance of magasiitM.—«i. The coniiiinnd-
Injr omcer or n dnly nuiliorln*d repreNpntnllve will make regular
Inonprlloiin of ench mngaxlnn to NCP If riimlrn nre needed, nnd
to Imnre that the general mtfrly rpgnlnfloiM Net forth In Ihla
manual, portb-nlarly those which refer In the elcnnllnpim of
magazine* nnd elimination of lire ImwiriK nre ntrlctly olmerved.

A. MagnRlneN which nre properly mnlntnlncd will show com*
pllnnco with (be following:
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(1) The ground around magazines will be free from dry grass,
(pares, and mhhlHh, nnd a no-foot cleared space will be care-
fully mnlnlnlnpd aronml nbnve-Kround magaalnca.

(2) Vlre pxtlngnlsherM, water barrels, buckets, ami other aux-
iliary flrc-flgliUng equipment, such as gunny sacks, ami brooms,
at or near magazines, will !H> arranged In a neat and orderly
manner and protected against undue deterioration. They will
lie placed •uniformly In position where they are In plain sight and
readily available. • .

(3) Within the magazine, the floors will be dean and free from
dirt, oily spots, o r exudate. > - . . - .

(4) Stocks In the msgnzlne will be arranged In an orderly
manner with ample aisle spaces for Inspection and shipping.

(5) Loose components or rounds .of ammunition, packing ma-
terial, conveyors, skids, and oilier similar material will not be
stored In a magazine. • •

(R) Magazine placards (O. O. Form 5991).furnished by the
Chief of Ordnance will be posted near each door of the magazine
so that they arc visible when work Is being done In the magazine.

(7) Doors and locks wilt be kept In good working order.
39. Repairs to magazines.—a. Repairs'Will not be made to

magazines until It has bpen derided whether or not the contents
are first to be removed. Under normal conditions roofs, lightning
rods, ventilators, doors, etc., can lie repaired, and minor repairs
to the Interior of a magazine (except those containing hazardous
explosives, such as black powder, TNT,: tetryl, or explosive D)
can be made without removing the contents of the building.

6. When magazines nre repaired* the general safety regulations
set forth In this manual will be complied with—particularly those
relating to the ellmlnntlon of flre hssards. ' In addition, the fol-
lowing special regulations are particularly applicable:

(1) All work will be done by careful, experienced workmen,
under competent supervision. •

(2) flnfefy tools will bo used when Indicated.
(8) The floor In the Immediate vicinity of the repair work will

be swept carefully. •••' \
(4) No work requiring soldering, the melting of asphalt, or

the use of blow torches will be done In a'magazine containing
explosives or nmmnnll ton. ' • : • • • • .

(5) No repairs will lie made to the Interior of a magazine
containing hulk explosives, such as Mack powder, TNT, tctryl,
explosive D, until all explosives have been removed.
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(6) Magaxlnea In which rcpnlr work linn horn done trill he
Inspirlm! by compclcnl niifhorll.v afler r<>mi'MI<Mi of the work.

(7) When mcllliiK |NI|H or niiy oilier tattling n|ipiinilm, Hwlrl-
ral or irtlM-rwIw, an- milhtirtait by lln» itmiiiiniidlttK nffl«i*r hi
any mngnxlnc anm or ripltmlvi* urea In connection wild «-|Milr
work on buildings, all mtrh <i|nl|im«>nt Hlmiild hi» kept at U-nnt
KM fret from any maffnRln* or building ronlnlnlng explosives
or ammunition and *li<ndd !M> Imflhil or mi-ecnod when nccewmry
to prevent danger fnnn simrks or flame.

33. Care and maintenance of magaelne and explosives
areas.—Strict rompllnnre wlih the general safety regulations
and particularly thoxe prrlalnlng to the guarding of stores of
explosives and ammunition, the controlling of vecetatlon In and
around the mnganlne and cxnmMvcs areas, the maintenance of
firebreak*, roads, railroads, and fences, and Hie limiting of warn-
ing slcns, Is ewenllal lo the pro|ier care and malnlenance of
magadne and exploxlres areas. Old and dilapidated wooden
shackn, piles of boxes or dunnage, dry brush, etc., will not be
permitted.

34. Safety regulations.—«. Rnfelv reftiilntlnna which are
particularly ninillniMe lo the storage of explosives and ammuni-
tion arc as follows:

(1) Containers will lie free from loouc dirt and grit when
stored.

(2) Containers will not he opened or repaired In a magazine.
This will be d«nc In a building specifically set aside for this
purpose, or In clear wealher, In Hie o|ien at sufficient distance to
comply with Inlranlant quantity-distance tables, but at least 100
feet from any building containing explosives.

(8) Kxploftlves ami ammunition In dnmngnd containers will
not be stored In n magaiilitc. Such containers will be repaired
or the contents thereof transferred to new or serviceable
containers.

(4) Open container* and containers wllh covers not securely
fastened will not he. sllowed In mngnnlnca. Contslners llmt have
lioen o|N>iif<1 will lie Hoxcd agiiln as effectively as Is required upon
manufacture.

(5) Two or more doors, when avnllnblp, must be unlocked
when iicntonncl Is working In a ningnxlnc In order thnt more than
one means of escape will be available.
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QUANTITY-DIBTAHOB TABLES
Paragraph

I Mini i Inn*——————————.————..——.—————————— M
KiploMv** hasaitta and qnantlty-dhrtaoM r*«njlr*m*n»a—————— 91
Ctamea and qnanllty-dlatanen tablea for sillltary e*ploelT*e and

• amntanltlon.—————...——........—..—................ SS
ftfrmratlAn within maiarim* or other balldtaaa.——.....——.. *»
Inlrantant dtatanera...-————.——..—————————————.- 40
Separation of one magaalne from another..—.--.——.-—....... 41
Hnrrlal area dtotancea———..—..—.--..—.—.—...——.——.— 49
narrfeaile*,:____.____...__„_._-__._-_..._...__-.__— 41
IHrldlng walla..———._—————...-_.——————————————— 44
Loaded railroad cara—.—..———.:—.———————-———————— 48

35. General.—o. This section outlines the quantity-distance
requirements which are applicable to the storage and handling
of ammunition and explosives. These requirements will be
compiled with at all ordnance establishments.

6. The tables Included In this section are based upon the
following basic data: - , - . . :

(1) Records of fires and explosions Involving military ex-
plosives and ammunition. . ••

(2) Reports covering a comprehensive scries of teats at
Aberdeen Proving Ground. . ..,

(8) The American Table of Distances, published by the Insti-
tute of Makera of Explosives, United States of America. .

(4) Chapter 87, Laws of 1080, State of New Jersey.
e. Where, In this section, explosives and ammunition are

grouped Into classes, It Is not meant or Implied that the articles
In a particular class are to be stored together, but merely that
the hacards Involved are similar for-all articles In each group.
The materials that may be stored together In one mags-lne are
set forth In appendix II of this manual.

38. Deflnltlona.—«. Inhabited tniUtng.—(1) Any building
customarily used as a habitation, Church, achoolboase, hospital,
railroad station, or for other purposes of assembly; Including
general purpose buildings such as offices, barracks, shops, and
power plants. Buildings pertaining to an explosives line or
magazine area anch as operating buildings, watchmen's shelters,
Held offices, and packing and shipping buildings are not con-
sidered as Inhabited buildings. Lands outside of and adjacent

i-.i
.1 i:.?

vik

»$&u*.?sfe-

'V,...



r. x.mrrv M A N U A L

to boundaries of military reservations will he considered as
|n»MNlhle sll«>s for Inhnlilliil buildings.

(HI Watchmen's shelters, field nAlrcx. mirvHIInnw lnn|iecllon
building* and iMiiiihprnnr* nr H|IC||«TN for IMTHOIMH-I In Hie ntagn-
r.lne area will imt lie located closer to magazines than tlte
magaxlim to magaxlim distance for the quantity nnd classes of
ammunition or explosive* Involved."

h. I'nMla ml tint n.—Any steam, electric, or other railroad
which carries passengera for hire.

r. Publin hffffttfTW.—Any street, alley, road, or navigable
stream. A navigable stream Is one capable nf extensive naviga-
tion by barges, tugboats, nnd other large vessels.

«f. Ncarmt majinzlnc.—The nearest magazine containing ex-
plosive* or ammunition. Thn amount nf explosives or ammu-
nition permitted In a tnagaislne can sometimes be Increased It
Ihn nearest inngaxlnca are filled with Inert materials, thus
greatly Increasing tlie distance to the nearest, magaslne con-
In Inlng explosives or ammunition.

f.. Mra*tiranrnt».—Measurements for determining quant Itles
of explosives will lie made from the nearest point of the build-
ing containing explosives to the nearest point of the magaslne,
Inhabited building, public railway, public highway, or channel of
the navigable stream under consideration.

f. Oprrafnw building.—Any structure In which operations per-
taining to manufacture, processing, packing, or shipping explo-
sives or ammunition nre performed.

f. Jfocfmirm firrmlffcif.—Hie maximum quantity of explosives
or ammunition permitted In any ntagaclne. Maximum quan-
tities nre based on limiting losses nf military stores an well as
on quantity-distance considerations.

37. Explosives hazards and quantity-distance require-
ments.—The haxarda pertaining to a particular class of am-
munition or explosives are the characteristics upon which tho
quantity-distance requirements for that class nre based. The
relationships between hazards and quantity-distance require-
ments for certain general classes nre as follows:

a. Flre nffMmf*.—Flre Is the most, common Iwr.iird Incident to
Hie manufacturing, processing, handling, and storage nf am-
munition, prn|N»ltnnt powders, nnd other explosives. Bxcejit
nndcf unusual circumstances relating to methods of packing and
heights nf column for certain types ami granulations which are
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discussed In paragraph 0-1, smokeless powder Is considered a flre
hazard only, ('•onacqiienlly In the smokeless powder tables In-
cluded In this manual, the qnantllle* nnd dint n net* shown are/
for flre protection only. Hmslt-nrnw ammunition, moat pyro-
technics, nnd chemical ammunition for which no tables nro
shown also nre considered flre hacarda only, as regards quan-
tities and distances. Most other Items of ammunition and
explosives may, as n result of fires, detonate nnd spread disaster
to distances considerably In excess of fire-protection distances.

6. BjimptilheHn detonation*.—A sympathetic detonation to one
which Immediately follow* a* n direct result of nn Initial explo-
sion. It may be. the result of propagation, or It msy be the
result of missiles from the Initial explosion. In nny case It to
an explosion that so closely follows the Initial explosion as to
be Indistinguishable from It . . . . . . .

(1) The magaslne to magazine distance* and the Intraplant
distances shown In this section for nil classes of ammunition
and high explosives nre based on New Jersey State law. , They
are expected to give protection against propagation from explo-
sions In adjoining buildings or mngnclnoa • • . .• •

(2) It will bo noted that these distances nre In all cases sub-
stantially less than those required to protect Inhabited buildings
against structural damage and It Is not expected that Intraplant
or magazine to magaelnc. distances will give protection against
structural damage. . • . - , , . . . . . /

«. Jffmife AMortf*.—Explosions Involving high explosive shell
or loaded ammunition components Introduce n hniard not nor-
mally present In commercial explosives or small-arms ammuni-
tion manufacturing plants. These hatards nre missiles which
may be projected either na pieces of broken up shell cases or
other components, or complete projectiles which may nnd often
do explode upon Impact or as n result of nesting In burning
explosives'or other fires. Borne of .the-worst disasters have re-
sulted from high explosive shell spreading explosions from
building to building In a plant, Missile distances prescribed In
tho quantity-distance, tnbles for classes 8,4, & 0, nnd 7 nro based
upon tests made at Aberdeen Proving Ground.. These distances
do not takn Into account occasional missiles which may ho thrown
a mllo or more. They nre based upon the distance within which
most missiles will fall. . , <

if. CoHCHMlon.—The effects of the concussion produced by II
detonation of explosives constitutes the commonest hasard a'
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elated with explosives. The distances given In the tnble* for
clnsse* 8, II, nnd 10 nre cx|N>clcd In give protection ngnliist the
ranniHnlnn I'fTii'l of explosions. They nr<> lilenllcnl with Ilin
America n Tnhlc of l>MnnccMpnliilN|ic<| hy I lie liiHlllnlcof Mnkcrs
of Kxphmlvea. Concussion hnninlM hnve been divided Into three
Bepnrnte cbtsscs ns follow*:

(1) Structural itimaor to fnfcffMfnf rtrifMIrtp*.—The distances
nhnwn In tables fl, I), mid 10 for Inhnhllcd hnlldlngs represent Ike
distances nt which buildings will Im wife from snfatniitlnt ntrne-
turnl dnmage. Minor dnmage men as the breaking of window
glum nnd Inn slinking dnwn of plaster nnd possible dnmnge from
flying missiles In imt. considered ns anbstnntlnl ntrnctnrnl rtninnge.
The term "siirwtnitllnl damage" mny be defined na follows:

(n) /» •foMT or erfrifc noNtr*.—The serious weakening of or
dlnnlii^nieiit of norllonn of mpnortlnK wnlln (I. e., fonndfltlonn,
Ride wnlln, or interior nttnportH) nnd the hrenklng of raftcra or
other Important roof mippwrln or floor Joists.

(b) I n framn building*.—The Kerlmra weakening of or displace-
ment of foundation*, the breaking of any of the main mipportn
In the Hide wall* or Interior mippnrtlng walls, and the breaking
of any mnln •npnoHfl of the roof or floors.

(2) Rtntrtnal tamngc to railroad equipment.—The dlntnnccs
nt which railroad earn arc considered safe from the concussion
effects of exphmfonn has been fixed In the American Table of
Dlstaneen nt 00 percent of the Inhabited building distance.
These distance* hate been tmed In tallies 8, 0, nnd 10. The
use of the tenser distances was lmw<l on the following con*
•(deration*:

(n) The lower height anil smaller area of railroad trains
exposed to concussion, ami the greater strength of railroad
cars to resist concussion, as compared with buildings.

(Ik) The fact Hint while n building In stntlnnnry nnd mibjcct
to any risk conslnntl.r, the presence of n train la only
temporary.

(3) /fl/wi-p la firmon* ON public nip*imp*.—The public high-
wny distances shown In tables 8,0, and 10 were taken from the
American Table of Distances. They represent the distances nt
which persons In the open nre wife from the concussion effects
of explosions. The cases tnbulnted hy the Institute of Mnkern
of Hxploslves did not conform to n fixed pattern, nnd In arriving
at distances which would lie safe nnd well lieyond the distances
at which Injuries luul nctunlly occurred, public highway ills-
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lances were fixed In the American Table of Distances nt one-hnlt
the rallrimd dlKtnnre or nt HO iwrcent of the Inhabited building
dlNlnncen.

38. Classes nnd qunntltjr-dlstmne* tables for military ex-
plosives nnd ammunition.—«. The exploslre contents of urn-
munition or comiioueiils nre shown on ordnnnce drawings; but
If these nre not avnllnhle, the Information desired shmtld be
re<|iicstcd from the Clili-f of Ordnnnce. The quantities shown
In the tnblea herein were computed In the following manner':

(1) For smokeless powder the quantity In pounds IB the
net weight of the powder In the boxes (Iwlk powder) or pro.
polling charge*.

(2) For pyrotechnics the quantity In the gram weight of the
boxes and contents.

(8) For fixed ammunition'the pounds of explosives are com-
puted an follow*: If n magaslne contain* 200.000 round* of
75 mm. H. B. shell M48, the amount of explosives In the maga>
cine 1* 200,000X1.47=204,000 pounds. (1.47 pound* to the
approximate weight of the high explosive In the *hell.) The
smokeless powder In the cartridge caw I* not classed as an explo-
sive In this case and Is not Included In the computation.

(4) For separate loading shell and bomb* the pound* of
explosives are computed as follow*: If a magazine contains
80,000 icn-mm. howltcer shell, M102, the amount of explosives
In the magazine Is as follow*: 80,000X15.56=408,800 pound*.
(15.56 I* the approximate weight of the high explosive* In the
shell.)

ft. When military explosive* and ammunition are not packed
In nccordnnce with the provision* of approved drawing* anrt
npeclflcatlona, they will be stored In accordance with special
Instructions Issued by the Chief of Ordnance.

c. When military explosives and ammunition are packed In
accordance with the requirement* of approved drawlngn and
specifications, ami are stored In accordance with storage draw-
Ings, or na prescribed In thl* manual, they nre classified as
Indicated below, nnd will he stored In accordance with the
qunntlty-dlntance table* shown. '

(1) Clan* l—Small-arm* Ammunition and mechanical ffm«
futct without boontcr*.—These material* are principally flre
hncnrd*. No limit Is placed on the storage of small-anna am-
munition, but the llmltM Imposed by paragraph 880 (8) on daw
3 mntcrlnl npply nlso to mechanical time fuse*.
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2) CtoM t—tttmMrm pnirdrr, nf/rofcrftitfr*, and rhrmlrat
munlllim filled iriffc i>hn*ph<HH*.— Tlicw nmti>rlnla nmy IK*-
M» tinwfa MtiiliT t>xln*mr» <i>iiilll|iins of niolNtnro nml high
iipcraturo. They burn with lnlvnm> beat.

Claim 2—QnanlHy-dlilanee table
MOKKi.FBfl pownnn IN CONTAIN*!!!?.! I'YnoTBOfiNira, on

CIIKMIUAI. AMMUNITION CONTAININd MIOHI'IIORUfl

Qnwiittr

PmimN
<nm)-

M»i,«mA3ao.m
Jo,ono
40. MM
M.OM
cn.om
7ft OKI
an.m
M.m
im.nn
Jim, on
am, on
«w.ono

fminiM
(nntnvrtl—

l.m
*.mi».ono

an. am
an.m
4n.om
M.nn
o».mTurn
m,nm
rni.wn

ion, no
am.nnam.om
4m, nnMn.nn

llnlxrrlniilnl ilhlnnrn* In feet from
BrUffM"""

Intmliltnl
hnlkllnii

78
US
IMimais
33ivaam
»;o»o
am
»»
37«
4W
IMcm

Illlille
rallwHjr

7tusin
IM
311
ZM
awama;ovn
aiis
am
ITS
4W
171
MO

rnblk)
hlchwiy

78III
ISO
190
III
33Saw
am
370
M
7115
300
3il
490
121
BOO

Man-
line '

M
71
IM
IM
141
181
IW
171
US
IM
IWamraam
3W4m

KMOKRI.RR8 POWDKK IN 1»UI,K«

1Ml.m
l.m

in, moao.«n
30. om
40. «n
to.nn
so. on
TV. anm.ana
M.«nloa.nio

aan,ano

l.om«,nm
M.gm
an.n«i
M.W"
40. nnn.n«m.nm
JO.OHOm.om
M.emim.oio

lun.nn
• 300. nn

mimjin
ISO
assamno
315
360a;s
3M
4TO
KM
nn

Mlim
am
ama*s
310 .
310
3ISva
371
3M
4mmnn

RnrnkHi-n rmwdrr In ootilnlnn* l» Inlrmlnl In nm
ml In nmn, nwwdn cmw, cnuhlf < ttonce naa, or
into of niKikrlRM imardrr.
I'nhnrrlcwlcd ilhlmKn m shown •limy* will hr inn
uml niMfMlnn In whWi miiiAckjs imtrilrr 1* stored
m •» •ulhwltcd for iriwrnUwi of l|tkw ly|M IIM«III
rtlrr.
Dltinnmi «hovn Me *|>r<llainlr to apmllnm niccm
imArlea powder pUnl*.
Smokrlm imwdrr In hiilk H InlrniM In raran my m
wil*lnc», mch «J I] found In dry homcf. Uendrn, In
mmntkilK.
M minium qwmllly prrndtlH In «ny 1 muritlnp.

KM
IW
100
ICO
m
310
MO
3IS3m
378
3M
4TO
800
mo

M
71

100
in
141
188
ins
171
IM
IM
IBS
100
390am

IW Wly MIMWnPM flAVnQiT
•ny nmUlncr used lor the

On* hull Ida shove
!iiM*s coot •! itinfi mnokc

lnnlh«tT«hilntoiwr(il

Hmctfn powilcr not sl<
II lo*lln», *od bond Me

Ah-
k*
loo
red
nd-
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<8) Ola»» S—Polttt-dctonnUw fufct, mMor wiHfter bate-
futr», potoder train and tmlltank-mtna futft, packed
(n tmrnct; bomb ftttc», packed wllk fin ancmbllct in
irllh ffcfl pr«»ui«/o»i* of paragraph IVI» (.1).—'11m

nnimint «f <*|il<mlv<w In nrllclct of thin clniw, liidmllitp; tlra
liuimlur, vnrl»ij {nun IN) lo GOO grain*, except In lira dim or bomli
fnxna imckeil with fln nmenibllr*, which contain a clmrga of
niniroxlmntcly 1,000 Rrnlna. Thewj Invert nraallr explodo pro-
RrcnalTcly, not tnor* than * box or two at n time. I'reaaarcB
which would cnine trerloim fltructuml damage to adjacent maga-
Klnea are not usually Renerated, and mlmllea are small and of
light weight, mnally fulling with 800 feet. The quantity of
frizm stored In a single magazine will be kept to the minimum
consistent with ayallablc storage capacity.. The storage of more
than 60,000 fuses of any one model, or a total of more than
150,000 fuses of all models In a single magnilne will not be
permitted except by specific authority of the Chief of Ordnauce.

3—Qtiantltv-dUtanco table

QuAntlty* INNIIHU of iBiplowvu
(not over)—

io,om«..............— .— ......

lnh*blt«d
bulldlDfl

. 400

• * «

PnUlerall-
w«y»

400

PMwnVnbjh'

4M

Meculne

3M

.
•re iulhorlfixl lor oonento l|loo nmfuloM, MOHrt «i Un door ort.

t Mhnlle dbUnee.
• Mmlmum inrmllted In my om BMtulM, <

(4) Clan 4—When packed In fiooonTofiro wtlh ordnance draw-
toot and tpectflcattont: Flied and temtflmed htah-e»plotlve thett
{complete nmndi), UpM mortar ammnnlttan, fragmentation
bombt In ipoorfon cratci, orenadet, and ihrapnel of ntt mttberi,
fitted or unfitted, and blank ommimdlon for cannon.—Articles
In thta clam mnally explode prograaalvety, only a few boxes at
a time, many explosions of IndlT(dual rounds being of a tery low
order. Pressures which would cause serious structural damage
to adjacent magazines are not usually generated, and most mis-
siles would fall within 000 feet
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Ola** 4—Qnnntttv-dManca table

Vnanllly, |i«nnda nf vipfaiit-M
(not OIPT) -

NXMTOI.. ........... ..... .

HI

InhaliHH
bnlMIn* i

i.m

ilimifMnfif

1'nMln
railway •

i.m

i hiHii nmrr

I'liMIr
highway '

1 300

4 •

MagatllW

SW

i Tlirn) ilMHINT* win not In rcdnreil liy harrlcadr*. One-half I ha (hot-* dhtanrc*
are em harked kit concrete felao nieceilnrt, eitept it (be door Mid.

'Mtafle distance.
' * Mtilmum permitted In any MM mimtlm.

(5) Cla»t K—Rrparatr-laadl»t ukrff of all r»f?oer», rVWrtVrf w»Wft
ecptntlve D, ftieed or «nf«*rrf; rtittt «ftcfl Mffrfrif «*Mk ewpfoe-ftw
D, fuecd or fm/**r>a\ wot <tt*rmbffflt to or parita! ictf*. cartridge
ra»e».—Thcue shells usually explode one at a time, and In prac-
Hcnlly all cam** with low order. An only one irhell should be In-
volved In an cxnloiilon, the mlmllon are limited both as to num-
hcr and range ami moxt mlmllra will fnll within 1,200 feet

Clam IS—Qnantltii-dlfitaMiv I able

QiMnlKr, peawh of Mpterint
(ootovw)—

••MM1

DhUnr* ' In (e»t from nan tut—

InhnlillH
hilMlnfl

1,300

Piiblte
r»llw«y i

i.m

Piiblle
highway >

1.200

MwttlM

MO

i Thn* ilWunrwi will not be ndiiml hjr iMrrirwIra. One-hull Ilia •Iwir* dM*ncet
M* nulliiitlzxil hr ennml* Idloo imcwlMn, ei«*|it *t llw doK Mid.

• MMtoilMmwt.
* Mnlmum |Wf milled In ray MM tramline.

(fl) Clam a—Mn)or and mrrf/ww mHftrr bate detonating f««t,
bomb fvte»; and aitaptrr* (twrf boa*!en far blffh csplatlr* nhrlt,
burden far rkrmtml »hcll, iinif far ba»tb», parked teparatety tn
botv».—The amount of ntnlnnlrc* In Mngle Itpmn of thin clnm
nminlly docs not rxrmnl nne-luilf pmiml. Thoy miiall.T explode
|ironn-wlvcl.r. h.r pi Ion. The inimlipr Inrolrcd In any explosion
In llmltnl hy mnkhiK the pllrs Miiall nnd Bcpnrntlng them hy
lircwrlhpd dlMmtvm drlcrmliml hy actnnl ilotnnntlon trflts.
Rtrnrtaral dnmngn cnuord hy the prcwitrvft ccncrntnl tnnnlly I*
limited to ailjnn'tit mnRrtrlncs mid the mlmllra nre light nnd
nxnnlly fnll within (MX) feet. Tlip qiiniitlty of fiincs slorcd In a
ulttfflr mngttr.lnc will IN* kr|4 t» lht> minimum consistent with
nvallnblc rtornje cnimrlly. The KloniRi! of mono Ihnn 00,000
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ftiwn of nny one mmtel, or a totnl of more than 100,000 fnsra of
nil inodelo In a Hlnulo inannKlne will not ho pnrmlltcil exn>|A by
Nfirclflc oulhorlly of the Ohlof of Ordnane*.

Clam (l—QuaHtUu-dMano* table

(not over )—

109,000' . .

tlnh«rrk»

Inlmhltfx)
bulldlBi i

I.BOO

iMdktoM*

PuMlenll-w«ri

MO

llnhttfrara

PUbHehWi.
••»•

410

inMratt—

MwmtlM

too
i These dbtaneoa will not be reduced by berriaxtaa. Per concrete hjloo ma»a-

tlnca (except et the door end) one-half of the above distances era euthorlced. When
Neon of this Class are stored In Igloo megatlm* (eieept when seftettaled Into |>lle»
In •cmrdaBce with drawlm No. U-8MI) the quaatlty and dtatanoa fequlrenienU
prescribed for chroea • ami 10 will apply, eioepl that no distance* smeller than one-
naif the dhtenoM quoted In the above Chut • Quaatlty-UtaUDee TaWe en Mthor-
Itert.

' Mailmuoi parmlHed In anjr mm mwazlna.

(7) Clan 7—Bcparate-loaMnff loaded ihett of att caliber*,
fitted or unfuted, except thoie loaded lelth e*p1o*ive D; mtd
loaded'thcU, accept thote loaded with etfphtlve D, fvffetf or «n-
fuzed, not attembled to or packed with carMdao ««««.— Shell
In tbl* class usually explode progressively by piles. The num-
ber Involved In any one explosion la limited by making the
piles small and separating them by prescribed distances which
have been determined by actual detonation teat*. Structural
damage caused hy tho prcmmres generated Is usually limited
to adjacent buildings. Most missiles will fall within 1,500 feet

Clam 1—Qnant(tt/-dMance table

(notover)-

nooni . . . . ............

IniMoHdl
bulMIni >

i,m

• • •• •

FubHerell-

LSOO

ilnftetfron

PODIW ilifa *

l,«00

Maiailne

m
i Thcw distances will not be redncnrfhy barricades, tat concrete Woo MM*.

dnra (ticopt at the door end) one-half the above dletaneee ere entborlnd. Whan
Itemi of Uih cleas era (tared In ooncrrto likm macatlne* (eieept when OMnfalnl
Info piles la acoordnnce .with drawliw No. lfrta-13) the quantity enddtsJancnre-
o.ulrrinrn(a pmcrlbrd for Cttaaa • nmf 10 will apply eieept that no dM«wM Ine
than one-half the dlstencM quoted In the above clad 7 Quantlty-UUtanre Table
areenthorhed.

• MtasllodManco.
• Minimum iiermltted In any om marailnr.

:!

!:$
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(8) tntiM K— Prfmm, drtonatnr*, pHmrr-dctottatorn for

nnmbft, armarfn fntr», unit Matting '""I", l«i'*«f fo nrrwrrfffncr
frlfh Orrfnnm-n rfrnfrlniM naif n^rrlfi-atlnn*. — All In ft inngnclne
mny explode nt HIM* I lino, lint UN Ilin liilnl ninniint. nf explosives
Involved IN limited, alrnclitrnl daning* nsnnlly IN limited lo adju-
tant niagnxlnett. This rlinw <>t ammunition forms Ijght inhwllos
which Imvn n very limited range.

X — QmiHtHll-dltlnnrv table

(MtomO—

Mdi.. ...........................•£m
w.«m....... .....................n.me...........................10,010* ................... ......

UnhmrlM

InhnMtwl
UilWli.fi

NO
I. WOi, too
1010
1,740

vtiA dhtunct

Public rail-
w«yi

HOnowo•roi.oro

Infect from

PuMlehlith
way i

MO
HO
480
400
(10

iMWfrrt—

KIwliM

KM
MO
Ml
MO
MI

I AmericM T«M» of IMfUM**, requirement) for «i|ikid«M IB UM form el bhutlnf
i Mkilnram permitted In any out tiwRmlm. •

(0) Clait fl—Ftonallpal fHXrifrr, annnllllon block*, tpotllnp
charge.*, Mack potrrfrr, bulk pr(mftt0 r*plo»lve»; bulk inUlatbto
c*p'o*rtw» «»rH at Mr^l, nnrf bulk high cacplotlrct itich at TNT
and crploihtc D.—PrlmliiK explosives snrli ns mercury fulmlnnte
nnd lend nclilc will lie stored In ncconlnnce with •pcdnl Instrac-
tlons to he taunt by the Chief of Ordnnnrc. In n flrc, blnrk
powder wnnlly exiriiidps nnd TNT nnd explosive 1) nsnnlly Imrn.
hut nmy explode. 81 lire these explnslvrs nre slmllnr to the
cotntnerrlnl explosives on which Hie American Table of Distances
wns hnserf. they nre stored In ncrordnnee with this tnMc.

(10) Clat* TO—Demolition bomb*, fragmentation bomftn In
mrtal crate*, or bundle*, photoftti»h bomb*, and If. K. antitank
mine*.—All In n mnRiuilim mny exploile. In this cnse, Mnietnrnt
dnmsRe will he limited to the dlstnnces Riwellled for Inhnhlted
bnlldlnes In the Amorlcnn Tnhlc of IXntnuccs for slmllnr qnnn-
tlllcs «f comnn-ri'lnl linlk expUwIvi*. nnd niiHit inlwllcs will also
fnll within these distance* Qnnntltles of clnss 10 explonlrcs
will be stored In accordance with the table for classes 0 nnd 10,
except Hint the dtalnnci* npptlrnhlc to frnRinentntlon bombs
will not be ICHM (linn Ihimc stated In the ('Inss 4 Qnntitlty-DlHlnnve

Tnble, bnt mny lie nne-hnlf the distances aa stated In the Clam 4
Quantity-Distance Tnble when storage la In concrete Igloo niaga-
Bines; however, the door end Is not considered barricaded.

Ola»*r.» 0 and tfl—QuaiiHtit-dMaiini tnblo

Quantify of eiplrertrcn

I'mindl
over-

Mi
1002m
MO4m
MI•oo7m
MO
MO

1.000
1.600
2.000
I^QPO
4 000s!om6,om
7.000•.om»,ooomom

11,000so. ooon^oroM.om :

11.000
40.000
45.0110
W.OOO
U.OOO
00.000
M.OOOTO. am
?t̂  000M,om
M.OOOto. am
M.OOOtoo. em121. omiw.000

I7H.OOO200, om121,0110

I'ourxbnot
OVl-T-

10
100
101
MO4m
MO
400
TOO
NO
MO

1,000
I.MO
2.000
3,000
4,000

(.oro
7.000
1.000
•.000

10,000
Id. 000 .
50,000
28.000
30,000
35.000
40,000
it\ 000w.om
M.OTOm.om(40m
70.0007>.oroM.OOOmow
(0,000
•8.000

100.000iz»,ono
180.000i7». om
2(10.000
22liOm

'2M,Om

OnUrH^^n^n^,,™,^--

InlMMtod
hulMln«i

I4(
240
MO
•20'
640
711urn .
MO
920 '
MO

1,020
1,000 •
1.200
1.300
1,420
I.MO •
I.MO

I 000 '
UOO
1,740 '
I.7M •
I.IW
2.110'
2, 290
2,410

. 2. MOt,m
2.MO2. no
1.090
1.130.
1.310

<! 440 *'lino,s, wo'i.om
1.070
1.MI
1.WO
4, MO
4, HO
4,110

!•

PnbHe
nllmyi

M
140
120
III

I MO
4M

- . ;* . 410
(10

• MO
MO
(10

: Swo•" too
. ••. (40

•70
"1,000

"1,040
1,070
1,170

•1,270
1,390
I.4M
I.IM
I.IIO
I.WW

. I.7M1 t.nt
I.WO
l.»40• i.wo

•'low
,1.170
?IW
1.IM
2,200
9LMO
1.MO
1,440i go

Pnbllo
hl«hmyi

41
TOno

IN
1M
120
140mim
MI
110

MO
MI

. 420
4M
470
410

' MO
(10
120. no
MIno
MO
720
MO
MO
140
•W
•10
HO
•70

.000
,031
.040
.000
,0*0
.OM

I.IW
1.140
1. 189
1,120
I M O
1.300

Mus-
lim'

N
100
120
IM
140im
IM
IM
170
1*0
110
230
MOaw
MO
MO
MO

• 30f»
MO
MO
MO
MOmo
MO
100
MO
MO
MO
4IM
4MI

4HO4tm
400
400
400
400
400
MO
MO
MI•m
MO
(00

. 1

'

1 American Tubte of DMmiots, reqirtronwnli fat balk nptinlvM.
• MMfttlno dl.iUncrs ronlnrmtiw with tut requirement* of pmcninb 41 nwy to

mfhorlted under qweM conditions.
• Minimum permitted In ftny one nrncitln*.

l!

1 '»



48 OniWANCK RAKKTV MANtMI. HANtTAI. 49
(11) Clan 11—rtirnilrat nniniHitttlnH Irrrcpt aninittttlHott roll-

talnlng »/kn*fiAnrM*).--ThlN iiiiiiniiiillliili IH iml rniiHMcml mi ex-
plimlvr hii7.nnl, mill no llnill him IIIIMI plwcd IIM Ihr storage iif
this mnferlnl. cxirpl Hint Hforngc must rmn|4y with the require-
mcnls »f (Dirt IV of thlx mnniinl, nnd with the storage chnrt,nitpciNlIx II.

(12) Clait IS—Rfplnnlwii *wr» n» ammonium nitrate, J)NT,
and icrt *Mrncr.\Mn*r.—These materials nrn Insensitive nnd ran
be detonated only by very strong Inlllntlon. When stored In nn
explosives area where there In n possibility thnt explosive* inny
be projected Into them, they will ho stored In nccordnnce with
the regulation* for class 0 exirtoslves. When stored In nn iiren
with tire hncnnlH only, nnd wpnrnted by Inhnhltrd Imlldlng
(llntnneen frnm nrenn contnlnlnir exploMlrex or nmmnnltlon, them
mntrrlnln mny lie atored In nrcordnnce with the regiilntlonii for
Mnnkrlcm pnwih?r.

30. Separation within mngnzlnefl or other bulldlnga.—
a. The qimnllty-dliitiinre tnlilra for nmmnnltlon and nmntnnlthm
mmponentN of elnnses 3, 4, n, n, niiil 7 nre ImMnl on llm nwnimp-
tlon Hint, nn Ililtlntlmi, mnm detonnllmid will lint occur nnd Hint
mlmllc dMnnmi are the einilrolllnR cnnnldcrntlnna.

6. On Initiation, ammunition of rlnmm 8, 4, nnd 5 may lie
expected lo explode prngrrmlrely, n few noxea nt n time, whether
or not the piled nre wparnfed within the mnirnKliie.

a (1) Ammunition of rlnm 0 Mlored In above-groand iimnn-
f.lnefi, will he i>|mcrd In piles rnnliiliiliiK not over fi.OOO ponndM of
explnnlrrli each, with the piles npnee«| n minimum of 2 fret
npnrt. (NlM>rwlfip, It mimt lie nMnimrd that, on Inltlnllon, the
ammnnlllnn In the magazine will dclonnte en mnme, nml qnnn-
tlty-dMancn reipilremeiiln InrhiilliiK the maxlmnm permitted
In each mncaelne, will lie tllow pnwrlhed for rln»e« 0 nnd 10.
However, the limit per nmcnzlitc will lie KNMKN) jKiiiiiiln, Imt
not more than Wi.O(K» ftiJiw of one miNlel, nor n tolnl of over
1RO.OOO fncofl of nil nimleltt will he fltorod In n slimlo mneiiclnc.

(2) Ammnnltlnn of clnm 7, Hlnred In nhove-erouitil iniiRiixliien,
will he placed In piles conlnlnlnR not over 15,000 ponnda of ex-
plosive each, nnd *|mrrd In nntirdnnrc with the Ordnance draw-
ing 10-48-12. Otherwise, It will lie nwmined that, on Inlllntlon,
nil ammunition In the iniiunr.liie will delonnle on iwm.«e, nnd
qiuintlly-dlslnnee requirements liichidlng the ninxlmnm per-

mitted In each innRnrlno, will he thorn preacrllied for dames 0
nnd 10.

if. When ammunition of clamp* 0 and T h> alareil In Igloo mnxn-
ftliHw In m-«H»rdnnce with ordnance drawing", alule nimcliig In
not mifllclent to preclude mnm detonation; then-fore, qnantlt*-
dlntance reqtilremenls. Including the maximum permitted In each
innRiixliic, will he I how prcacrihed for ctnaac* 0 nnd 10.

4O. Intraplnnt distances.—a. All high explosives nml Mack
iwwder o|>erntlng buildings will be located one from each other
and from other buildings on-explosives ptanta In which persons
nre regularly employed, nnd nil service magntlnes will he located
from buildings on explosive* plnnts In which pcrmna are regu-
larly employed In conformity with the following table:

:: ;!?

jsini-
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Inlraplnnt

<)iMiiHlynfMi4mlvr<ii

Bnl «v«t—

lorn3.«m4. inn
•inn
7.IWI
*.»>!

in! am
12..MMis. win
17. MM
Mtnn
30. MM
3s.om40. mo
4.V MM
ut.nn
us. amm.nn•JionoTO. am7.1.0mno. amMUHIm.amM.OIW

IIM.MM125. amim. ono
nib. am

i.owi
I. MOI. am
3. an4.nn
MM.

ft. am». IHI
m wn17. un
is. am
zann2». am
30.0003r,. am
4aaoo
m.nn
M.omno.««n
•.ramTO. amTil. amHO.IKPO
•a. amw.«w

IOO.IVIO
llA.aml«i.noo
nil om
200.000
27MIOOTJO, ono

il).«u»r« in irH
Im, «r w lihtn
•itlr.lr.nl Inl.ll-

vl'lliiK wnlh

170

4W

UNO

CM

l.am
I. Mil
1.100
1.1.10
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• New lerny flliil* Mw l<* Inlntphnt rjimnllllei unH illMnnm.
* Applta In hMrh e«|ilwilvn or Kami lanital with hlftli ct|ihmtv«i.

h. If tln« luiJinriN Involvrd require (llrlillnc mi opornllim linn
Into pppnrate hnllillnri. «nrli Imninln nro srcnt pmniRh to rpnjulre
the me of full Intrnplnnl dlntniicm bolwccn bnlldliig» inilcw cf-

fpt-tlvr sopnrnto bnrrlrndon arc provided an donrrlbnl In para-
nni|ih -18. In which cum* them.* dhflanrro may Im linlvrd.

r. In <-IIR«>H In wlili'h It IH liii|imHlcnl)l<>, or nndrtilralile from a
tiriHliicdim |Milnt of view, lo miwmlo oiwrallnK Imlldliinw by prr-
Mcrllied mifoly dlntanfen, I heir Reparation by htowr <llMlancni may
ln> npproved by the commanding officer In tpedal raMW. Jlulld-
IIIKH MI Im-nlrd will !N> rtnixlilrrtHl aa Repmiilf) romna wllbln a
«liicl(« building, and the total amonnt of explo*lrei conlaliiMl In
all biilldlnga no locnteil will not exceed the maxlmnm nnlhorlced
for a alnglc Imlldlng. • • • : • < .

it. In operating lines of explosives manufacturing or ammuni-
tion loading plnnts, mibbnlldlnga In which paraona am not regn-
larly employed or which are vMted only Intermittently by opera-
Ion may be placed adjacent to .operating biilldlnga without af-
fecting the anfety distances determined by main operating bnlld-
Inga, provided the mnxlmnm amonnta of explosives contained In
each aiibbnlldlng la limited by Ita distance from tire nearest
main operating building In accordance with the Intraplant
qiiniitlty-dldtBiire tnhle.

41. Bnsle magaclne quantlty-diatanea rala.—it. Tim lawa of
New Jersey (latest revision, ch. 27. Laws of 1IM1, March 28,1041)
require a distance of 200 feet separation for magazines con-
taining 5,000 to 25,000 pounds of explosives, plus 2% feet addi-
tional distance for each 1,000 pounds of explosives In excess of
25,000 pounds. Tills role Is the. basis for the table shown In
paragraph 88r> (10), but for reasons of policy the. latter table
allows only three magazine distances for quantities varying from
0.01)0 to 2TiO,000 pounds. This bnslc rule la restricted to Intra-
plnnt nsc In locating service magactnea from each other and to
such other uses as may be authorised by the Chief of Ordnance
In specific cases.

42. Special area distances.—o. In the layout of explosives
manufacturing and ammunition loading plants, each operating
line, storage area, and administrative urea will constitute a
separate group of buildings and fartlltlca, no located that any
group la separated from all tho others by Inhabited bnlldlng dla-
tnncea as shown In paragraph 88 of thto manual. The distance
to be used In each cnae will be the greater of the following:

(1) Inhabited building distances baaed on the missile hnxards
for the particular type of nmmunltlon being loaded (tables for
Hassea A to 8, Inclusive).



(2) Inhabited building distance* bawd mi structural damage
for the lotnl niiMiiuil of high explosives Involved (Inlilr forrinsscs
11 nml 10).

ft, l*nhllc railways which do not puny imssengprs will be per-
ntlltod In pnsa n»t doscr limn -Hxi f««t from magazines.
However, I hey must, lie separated by railway distances from
Operating buildings.

f. In future cuiml ruction, rsllrnsd rlssMlftrallon yards de-
signed to receive explosives or ammunition will be separated from
Inhabited hiilldlngH, administration areas, mngsKlncs containing
explosives or ainmniiltlon and opcrnllng buildings containing
explosives or nmmnnltlon by n minimum distance of 1,800 feet.
However, thin distance mny Im decreased to a minimum of 1,400
feet In the case of concrete Igloo magazines.

A. New depot storage areas will lie divided Into hlorkft of not to
exceed 1(N> Igloo magazines each, the blocks In be separated by
mlnlmnm distances of 1/1110 fort. Rnch block will contain not
more thnti 2fi.OiiO,OtiO {mumls of explosives. Storage nrrns will
be separated from ndinlnlslrnllon mid other Inhabited building
flrcaM by liilmblli'd bnlblhiK dlplnnrm Iniecfl on tlinqiinnlltlon and
typed of aininimltlnn nml pxiiloRlrra contnliml In the magnxlno*.

«!. Itpnornllon plnntM nnd reconditioning plnntu mint be located
at InhnbltPd bulldliiR illntanmi from iimKiixtnc arena. However,
the Inhaliltnl ImllilliiK dlxlnnrc c«vonilii|f the location of such
plants may In wine caws IN* based n|mn the amount of explosives
In the rciiovntloii or riHtindlllonlnic plnnt rnthor than ti|mn the
•mount of explosives In ma|(ttr.lnes In I lie magazine area.

43. Barricades.—n. ncflitltlnn.—Wlionovcr an exphmlvos
mannfarlnrlng hiilldliiR or nmpir.lnp In pfri-ctunlly screenod front
another exirtoNlve miiiiiifnftnrlnK building or mngnislnc, rnllrond,
or highway, cither by natural fiiiltires of Hie ground or by effl-
rlent srtllk-lnl bnrrliiidrn of mich height. Hint any straight line
drawn from the top of any shin wnll of the factory building or
mngnxlne to any nnrt or the explosives plant building or building
to he protected will pnss through such Intervening natural or
nrllflrinl barricade, nnd nny straight line drawn from the top
of any side wnll of the factory building or inngaxlne to any point
12 feet above the center of the rnllrond or highway to lie pro-
tected will IMS* thmodi snrh Intervening natural or nrilfldal
barricade, the n|tpllnil»lo dlHlnnce (exi-cirt missile ami smokeless
powder distances) nx prescribed by (he quantity nnd distance

ORDNANCR RAFKTT MANUAL'

tsble, nnd the Intrsplant quantity and distance tnble, and Hie
distances separating mngnzlnes may be reduced one-half. (Seo
par. 41M.)

ti. Iff loo ma0nilMt.—(l) When protected by barricades at the
duor end, apiimved, relnforced-concrete, arch-type, earth-covered
(Igloo) magazines are considered bnrrlcnded In all directions;
and "Imrrlended distances" mny be used as minimum wife dls-
tsnces In locating them with reference to Inhabited buildings,
nubile railways, public highways, operating buildings, or other
magazines. No other type of magazine to considered barricaded
unless separate barricades are provided. Where concrete Igloo
mngndnca are not barricaded at the door end "unbarrlcaded dls-
Isnccs" will be used In locating them from structures and fs-
rilltles which He In front of the magazines and within the area
bounded by lines drawn from the door and Inclined by 80* from
s line drawn perpendicular to the front of the magazine.

0. It Is not the policy of the Ordnance Department to erect
barricades around magazines; but If necessary to meet dangerous
lorn I conditions, such barricades will be constructed In accord-
ance with drawings and specifications approved by the Chief of
Ordnance. • • •• '

«f. A barricade used for the purpose of reducing safety dls-
lnncns must be constructed separate from the building It to to-
screen and must be located at a minimum distance of 4 feet from
snrh n building. It mny be either natural or artificial. If nrtl-
Acini, It should consist of earth or sand fill with N mlnlmnm
width of 8 feet at the top. Hither 'one or both aides may bo
revetted, or supported by concrete,- timber, or masonry walls.
Barricades nre authorized for use In reducing both Intrnptant
distances and structural damage distances, but not for reducing
missile distances. Approved relnforced-concrete, arch-type,
earth-covered (Igloo) magazines nre considered barricaded with
respect to missiles. Other types of Igloo magazines are not con-
sidered bnrrlcnded In nny respect unless separate barricades are
provided. ' • • • •

a. Finch barricades which are authorized for the purpose of
preventing the spread of fires will not be used for the purpose of
reducing safety distances.

'44. Dividing- walls.—«. A definition of the words "within
•nbstantlnl dividing walls" with reference to Intmplnnt dis-
tances between factory buildings Is Illustrated by the following

I- v / '•
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example. If n liiillilliiR rnntnltm 4,0110 pounds of explosive* nnd
IN provide! with n "HUhHliinllnl dividing wall." illvlilliiK OH*
ItiilMltiir Info two riMimx, one iimlnlnlng II.IKX) itnuml* of pxplo-
Hire* niHl I IIP nthpr LOW |iouiidM, HIP dlnlnnec liplwepn I IIP room
containing H.IKIO imtiiid* of pxplovlvpi* mid Inn iipnrpst operating
factory building I* bawd on HIP dlHlniini required for H,i>00
pounds of explosives. To dm-rlbc U olhcrwlsp, "n mibslanllal
dividing wnll" would. In HIP event of n dplnnntlon of tlm larger
quantity of explosives, pi-eveul HIP sympnlhcflc detonation of the
Ipjnpr qunnlll,r of PxploMlveji In HIP adjoining room. The din-
IHIIPR (o the next building Is governed by Hie 8,000 pounds In-
Hlimd of HIP lolnl of -UWO imnnda.

ft. Rnlwlnnflnl dividing wall* n*pd to Rppnrnln building* Into
Indlrldnnl room* will not IIP nddpd to existing building* except by
authority of HIP. t'lilof of Ordnnnce. It In not expnctPd Hint anb-
nlnnllnl dlrldliiR wiills will mnlerlnlly limit ntrnctiirnl dnmngp.
If nil of the exirioftlvpji on liolh nldcs of n mibntantlnl dividing wnll
am prercntPd from exploding pn mump the pnrnoxe for which
Ihn wall wnn prorldnl him IIPPH ncrompllfhMl, crpn though the
wall mny lie dpmnllxhpd nnd ntrnrlnrnl dnmnge In tho plant mny
IIP HPTprp. A milmtnnllnl dividing wnll must extend to tlm roof
and to HM» nldo wnlln of HIP building or room which It divide*
Into Mppnralo rooms. U innst consist of roncrpte nt Ipnst 12
InchPN Ihlrk, rplnforrpd on both nldPn by roil* nt lenst % Inch In
dlnmptpr, lomlnd on minimum con lorn of 12 InrhPH both verll-
rnlly nnd horlcnnlnlly. Thin imrngrnph nhould not Ira Inter-
prPlpd n.<< dlm-onrnglng IhP nm> of hnrrlmdPN of the lipnch or
wing-wall type In put down opprnllng hnxardn; bnt for the pur-
IMMC of pntnblliihlng nnfplr dlnlnnopji, mich bnrrlrndon Hhnnld not
l>p, ponnldprpil •« dividing HIP pxploKlvcn contained within the
hnlldlng or room Into «p|mrnte lot*.

45. Loaded rnllrond cnrs.—a. Cnr* of tondml nmmnnltlon,
diioh na ulipll, pomplplp roiindu, nmokolfm imwilpr In contnlnpm,
or propelling phitrgpn In conlnlnpni, If nlongftlde an opitratlng
building, nrn i-onnldcrrtl nn n>|mrnlp rooniH of Hint Inilldlng. The
nimre In HIP. rnr opposite the oppn doom will not bo napd for
atornge, pxpppt nndpr tlm following condlllotm:

(1) Wlipn; It IN pnwilliln to opof I IIP cnr nt thnt Its doors are
oppnultr a blnnk wnll wllh n inlnhnnni of 5 fpot on either Hide
of HIP cnr door In Hie doors or windows of Hie building, such can
mny be fully loaded.
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(2) Where doors nnd windows In a building prevent the solu-
tion NiigKPMlcd In imrngrnph (1) above, the cnr dour adjacent lo
the building may lie closed. Thus • dividing wall I* Interposed
ami HIP <-nr may he fully loaded through the opposite car door.

b. If more thnn one cnr la located at an operating building, a
•cnnrnllon of at least 10 feet between can will be required.

c. Cars of bulk high explosive*, loaded II. 19. bombs, or bulk
smokeless powder will be figured at full hazard. If alongside an
operating building, they will be considered at "within the build-
Ing" nnd not a* within "separate dividing walla" unless mich
walls are specially provided or existing walla are utilized.

A. Car* or trucks containing ammunition or explosives will not
be spoiled between magazine* or other building* where they re-
duce effective wifety distance* and may act to transmit fire* or
explosions from building to building. • •

«. Railroad cara used for picking up or distributing shipments
In n magazine area must be loaded In accordance with the storage
table contained In Appendix Ili.nHxcept when the quantity In-
volved Is very smnll, trucks so used will bo loaded In accordance
with the storage table* referred to. i The use of the Interstate

.Commerce Commission loading table I* restricted to car* spotted
at shipping or receiving building* or moving between the shipping
and receiving building* referred to In-paragraph 25 and common-
carrier interchanges, . > . . . - . ,

SECTION VI'. * •• • «ti
PACKING, MARKING, AND SHIPPING

Orncrnt.
P*cklnK-.
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Lot ntiml

._ 41

... 49

.... 40
.. BOInleritnle Commerce Commlnik>a..-Jk.J
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for shipment* — . — ̂ , —————————————— BT
46. General. — The general regulations governing the packing,

marking, and shipping of military supplies are set forth In
Army Rpgnlntlons 80-955. This section contalna tmpclnl regu-
lation* applying to explosive* and ammunition.
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47. Packing.—a. Tin* parking of explosive nml other danger,
tin* arllclcN fur nlil|imeiil will |N> In miiinlnnw with Ordnance
drawing* and K|Nflllmllons. \Vlicn- niipllrnltlr, Inli-ralnfc Cmii.
metre Omimliwlnu rcgulallonn will |M> ohwrvi-il. for the park-
Ing <»f Hems mil covcm! by drawlncw anil H|in-lflcallnim or In-
IcrHlale f,'»nniH>rr«> rnininlfwlnii nwilnlloiiN, iifieclnl limlritcllnttii
will tin ISKIIH! by Hie Chief »f flnlnance.

ft.' When conlnlncra whMi niniply with United Htnles Army
aiNi-lflratlntM are n«t avallublc for Mlilpineiits of exiriotrivea or
other ilancernim articles, rotilnlnera which comply with the
Interstate Commerce CommlMilon regulallonn will lie used. Thh
apfdlea particularly to the shipment of deteriorated explosive*
or ammunition, ami to iiowdcr, explosives, and loaded compo-
nents of nmniunltlnn obtained from salvage operations.

48. Marking.—<i. The term "marking" aa lined In this man-
ual Includes the painting, alenclllng, and stamping of containers
and of the ammnnlllon Itself.

ft. Kxploslvea and other dangernim articles offered for ship-
ment tin n common carrier will be marked to comply with In-
terstate Commerce Commission regulations.

r. Uxiiloslvea and ammunition arc marked In accordance with
United Wales Army specifications and drawings, and are further
described and explained In appropriate field mannala and stand-
ard nomenclatnre lists. Although the markings are primarily
for tltn Identification of the material from n military standpoint,
they also will he made to comply with Interstate Commerce
Commlmilon regulation*

«f. When an Ordnance establishment repnluts or re-murks ex-
plosives or ammunition containers, ammunition, or ammunition
components, the new painting or marking will he n facsimile
of the painting nnd marking of the original container or ammn-
nlllon, nnlcMi the Chief of Ordnance Issues specific Instructions
to the contrary. Explosive* and ammunition obtained from
mirage operations, and material which has lost Its Identity
will Im clearly marked to show (lie nature of the material. If
offered for shipment the material will lie marked to comply with
the requirements of Interatate Commerce Comnilslon regulation!).

49. lot numbers.—ff. Ixit nnniliers are used In the Identi-
fication of military explosives anil ammunition. Except for
certain unserviceable material, (lie lot number always appears
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Upon the (Kicking hoxm or containers. It also appcnrs on the
ilala cards and In most cases HINHI the ammnnlllon llsrtf.

t. Lot nuinhcrs usually consist of letters and figures which
represent the Initials of the manufacturer or loading company,
the number of the War Department procurement order, llw
aerial number of Hie lot nnd, In some cases, the date.

c. The Identities I Ion of military explosives and ammunition
by lot numlier Is essential for the surveillance activities of the
Ordnance I>epartment. It Is the means whereby stocks are
conserved or ntlllced to the best advantage, and defective or
deteriorated ammunition Is withdrawn from service. It Is used
also In selecting ammunition for Issue, because the ballistics or
performance of ammunition when fired may vary from lot to
lot. '

60. Interstate Commerce Commission.—a. Except for water
shipments, the Interstate Commerce Commission la Impowered
to regutnte the transportation of explosives and other dangerous
articles In Interstate commerce within the limits of Jurisdiction
of the United States. However, Interatate Commerce Commis-
sion regulations provide that shipments of explosives or othnr
dangerous articles offered by or consigned to the War or Navy
Departments of the United States Government may be packed,
Including limitations of weight, In accordance with either I. C. O.
regulations, or War or Navy Department regulations.

Bl. The Bureau of Bxploahres.—a. The Interstate Commerce
Commission regulations covering shipments of explosives nnd
other dangerous articles by rail Include the following:

"The services of the Bureau for > the safe transportation of
explosives and other dangerous articles, hereinafter called
Bureau of Explosives, will be utilised by the commis-
sion In the execution of these regulations. This Bureau will
make Inspections nnd conduct .Investigations, and wilt confer
with manufacturers and shippers with n view to determining
what regulations will within reasonable limits afford the highest
degree of safety In packing end preparing these dangerous
articles for shipments and In transportnlng the mine. The
Commission will avail Itself of the expert knowledge thus de-
veloped, and In formulating amendments to these regulations,
while not bound thereby, will give due weight to the expert
opinions thus obtained."
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n. Tin- Hurenii »f Kxiilnxlvr* wan Hiciinlmil In 1IKWI |iy flic
Aiuerlcflil Kiillwn.v Aworliillnii. Ncnrly nil common carriers
are HH'inlterN of Ilu> Amerlrmi Itnlhvn.v AHMI«-|II||«M niul comply
wild I ho rules mill rcKuliifliMiM luxited liy Urn Iliironn of Kxplo-
slvcs. IiiM|Hfli>i-x of (lie Mureiui of Explosives nrc stationed
throughout. I lie cniinlry In nbwrvp, InvcsllRiilo, nml report, upon
shilling tuelliiKK CnniMioii curriers utilize, the services of
these liifqicctors lo enforce regulations and approved practices,
nml to assist nhl|incra

52. State and municipal laws and ordinances.—a. In mi-
ll 11 Ion to Kmlrrnl Inwn pcovernlnn Inlorslnte trniMtporlntlon of
pxploslvc-n nnd ollior dniiRrroim nrtlclcn, i-nch Sfnte nnd iwnrly
nil iniinlflpnlHIrs hnve Inwn or onlnnncm rognlntlni; the 1 rnim-
port n( Ion nf pxpliixlvnt nnd other dnneorniifi nrtlrlos within
their jnrlmllrllrai. Ilnruor roKnlntloiM of the ports of New
York, or llnltlmorc, nnd city ordlnnncr* requiring motor-trnohn
or wnemm mrrylnit exfiloiilreif to dlnplny n red Hug or plncnrds,
are cxninplm of mtrh Rtnle nnd mniilrlinl Inwn nml.ordlnnnrm.

ft. 8hl|MiH>nln of expliml»efl nnd nmmiinlllon mnde by Ordnnnco
cfltnliMHiinenlH will comply with nppllmnto requirement* of In-
tcrntnle. Commerce Cmninlmilnn reKiilntlonn, port ami Jmrbor
rrciilnlloiin, Ptnte. nnd mtinlcliml Inwn, nml Dnrran of Bsplo-
•|VM reronimrmlntloim,

B3. Bnll shipments.—Tlio Inlcrwlnle Onninewn OmmnlMlon
rcKiilntlonx which covorn thn trnnn|N>rlnllnn of rxplnnlrm nml
oilier dntiKrroiw iirllcleH by rail nro cNHctillnlly wifely remilnlloim
nnd dewrllte In delnll how mtch NlilpinenlR will IN- hnndled, londcd,
lirneed. ntttyeil. nnd plncnrdod. (Bee nlwi All JHMMlfi, Tronx-
{Mirtnllim of Hup|ille.<«.) Ilnrcail of Rxplimlves Pninphlct No. 6
contnlnn dewrlptloiw, plinlocrnphn, nnd drawlnga of ircom-
mendcd metluMls nf bracing nnd ntnyliiK Bhlpiiieiit.i. Them; roe-
omnH'iidnlloiiN, nllhoneh for oommerclnl explonlvpfi and other
dniiKprmm nrllclpn, cim lie ndnplcd rcndlly to military explo-
dives nml Ammunition, nnd will he followed In nil cnmm In which
bracing nnd nlnyliiR inethmH nrc not prewrlltcd by Ordnnnco
drawliiRH nnd ntN-clflentlonR

'B4. Wwter shipments.—a. Trnii^imrlnllon of cxplnslvea nnd
other dniiReroim nrtlcleM by wnler In rcRseln eniniKcd In com-
inerclnl service In rcRiilnteil hy the nnrcnn of Mnrlnc Inspection
nnd Nnrlcnllon. United SlnleM Deimrtment of (Nmimeree. Rhlp-
menlM will comply wllh nppllcnlilc |iorlliiiis of the.
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of IhlH Ilurenii. ShlpmcnlH orermtis will ln> mndn In necordnnce
with (he reKiilnlloiiH of I ho cnrrler, nnnnlly Hie QtmrlerniHMier
Cor|M or lh« Nnvy Dcimrtmmit. (Hen Alt KO-1270, 'I'rnnn-
purlntton by Wnlcr of Bxploalves, InllamninMea, nnd (Aemlcnl
Wnrfnre Mnterlnls.)

B5. Motortruck shipments.—«. Trannportntlon of explosives
nnd other iliuiRerons nrlldcs by truck Is covered by Inlcrftlato
Commerce Commlsidoti Motor Cnrrler ReRtilntlon*, Pnrt 1. Such
of these regulations as are applicable will be compiled with.

b. Contracts for the transportation of ammunition and explo-
sIvcR by common or contract carriers will be let only to those
contractors who use vehicles licensed by the Interstate Commerce
Commission speclflcnlly for the transportation of explosives and
other dangerous nrtlcles.

66. Special shipping requirements.—o. When explosives nnd
ammunition are shipped, the material will be Indenlined care-
fully on bills of lading or shipping tickets by shipping name,
caliber, type, mark or model number, manufacturer's name or
Initials, lot number, nnd such other Information as may bo re-
quired hy additional Instructions Issued by the Chief of Ordnance.

57. Safety regulations for shipments.—«.' The commanding
officer will obtain and keep available for reference toe following:

(1) Copies of Interstate Commerce Commission rcgnbUlnns,
Including Part 7, Motor Carrier Safety Regulations;'

(2) Bureau of Rzploslves Pamphlet No. 6;
(A) Regulations Governing the Trsns|torlnflon, 8'ornge,

Htowngn, or Use of Kxploslves or Other Dnngermm Articles, or
BtilMtnnccft nnd Combnstlbln Liquids on Hoard Vessels, pub-
llsheil by the Ilnrenn of Marine Inspection and Navigation,
United States Department of Commerce;

(4) Copies of State and municipal laws, and port or harbor
regiilntloiM which nre nppllcnblo to shipments from his establish-
ment. ' •

5. Any shipment received In badly damaged condition will be
reported In detail to the <!hlef of Ordnance.

o. Containers of explosives or ammunition will not be opened
or repaired In any car, boat, track, or magnetite containing
explosives or nmmunltlon. Ordinarily thla work will be done
In buildings specifically designated for such work. In dear
weather It mny lie done In the open, at a distance of not less
than 100 feet from the mngaelne, car, boat, or truck; but In no

I
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ease nt n dlalan<i> li*m limn lluil prcxcrlhcd In (hit ln(rn-|ilnnl
quantity-distance lnlilc for I ho quinllly «f cxirfonlvcM Involved
In MM- o|N>rallon.

rf. I tors, boats, or motorlrm-kx In which explosives or ammuni-
tion are rcclevcd will lie Inspected by « competent pcrmn after
unloading, t« urn thnt they arc clean mid free from loom? explo-
sives or other Inlhinininlih! nuilcrlHls, mid Hint oxplimlves pint*,
ard* are removed. Kxploxlvea awecplngii will he destroyed.

«. During the loading anil unloading of cars nnd (rncka If the
can or trncka are on a grade (he brakes will be act and the wheel*
will be checked.

f. Explosives ami Ammunition will he handled carefully. Bale
hooka will not Ira nacil, and conlalncrH will not he tumbled,
dragged, thrown, or drnp|icd on each oilier or on the floor.

p. If artificial light la required to examine shipments of ex-
plosives nnd ammunition, only swh lights na comply with the
requirements of paragraph 1000 will he used.

n. If the loading or unloading of cam la not completed during
working honra, car doora will be cloned and locked or sealed.

i Doom to cam or magazines will Im closed when locomotlvea
which do not comply with the prorlalona of imragraph 7» (21)
are imaging.

/. If tint loading or unloading In dune outride the magazine
area, fire hasarda cncli an Icnrea, dry grana, and other com-
Inifltlhlc malcrlaln will ln> rrmorcd from lhi> Immrdlnle vicinity,
nml nrc-flghflng pf|nl|mii>nl mnwt lx> remllly available.

AT. A |N*rmanrnt record of ciir nnntlicra and mrnts will be ke|it.
I. Motorlrncka tmrd for HH> lran>i|iortnllon of expliwlrw ami

ammunition will he Inspccled regularly by a competent pemon
to MH> that electric wiring, llghta, brakca, gnmillne tanka ami
llnna are In gooil working order nnd that oil trnna under engine*
am clean. The Itre-flghllng eqnlinnent, curried on the truck,
will be Impeded to ace that It la adequate ami In good working
order.

M. Driver* of molorf rurkn ami thow In charge of convoya will
lie carefully Inatnicled and thoroughly Informed regarding aafely
rcgulatlona covering the tratifttiortatlon of explosives and other
dangerona art Idea.

«. Danger flaga and pliicnrds will lie used on all (nicks aa re-
quired by Army rcgulallona.

ORDNANCE flAFinT MANUAL

RROTION Til

01

SURVEILLANCE, INSPECTION Of SMOKELESS POW-
DKIt AND MAINTENANCE, SALVAGE AND DESTRUC-
TION OF EXPLOSIVES AND AMMUNITION

, firnrrtph
Ocncritl —— . —— _ .. ————— . — T ————— — . ————— . ———— lia

.. __ .... ..... _ _ . _ „.,_..... — ._...___....„- Bl>
HUMINy !(«!• of mnokrlrm powdrr.
Mnln(rnnnc«... — .... —————— . 61

Bpcclnl Mifctjr rcRulnllom for m«lnlfn«ne» «iul *•!***«- ————— 63
iMMrucllon of rxplnlTet und iiminvnltlon —————————————— 64
Special iwfoty regiilQllom for tba dMrtrnclloa of fiplodrM «nd am-

munlllon ———————————— v— ————————————————— 6B
bcilrucllott of upcclflc innlerlnlN. ——————————————————— 66

58. General. — a. This aectlon contains general mfety re-
qnlrcmenta and ontllnea of approved prnctkea for •nrvelllance
of exploalvea, Inapectlon of amokeleaa powder, and maintenance,
salvage, and destruction of exnhwlvm and ammunition. Da-
ta lied procedure for Inspection* and tests will be found In appro-
print e Held wrvlce bulletins and Inapectlon manuala.

80. Surveillance. — a. Tho, term "surveillance" aa used herein
Includes the observation, Inspection, Investigation, and teat of
explosives and ammunition In storage and vac; Inspection of
containers and buildings In which they are atored, and the In-
Kpcctlon of facilities and methods used In storing, handling,
shipping, maintaining, renovating, salvaging, and destroying
explosives nnd ammunition. •

b. The purpose of surveillance la to detect In stores of explo-
sives and ammunition all conditions tending to Increase deteri-
oration or danger ; to determine the state or nature of deteriora-
tion nnd the degree of serviceability, and to segregate seriously
unstable munitions.

c. The Chief of Ordnance exercises general supervision over
the* survellance of all explosives and ammunition In storage ami
service; prescribes tho testa, technical methods of Inspections to
ho mndc; and maintains records, of the condition of nil lota In
service and storage. >

<f. The commanding officer of an ordnance establishment is re-
siKMislhle to the Chief of Ordnance that all ammunition nnd
explosives nt his establishment are subjected to proper 'mir-
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rolllnnci1; Mint. Ilio rranlla nf surveillance tcsls nnd Inspections
nrn promplly rcjiorlcd; I Iml tin- Chief of Ordnance lint n record
hy l»l iiumhrr of MIC condition nt nil iiinnninltliin nnd exploslvea
on liiind.

r. Ammunition lni>|icclnrs are. |icrsonncl (rained In the sur-
veillance of oxplfislves nnd ammunition. They nre appointed
nnd assigned by UK- Chief of Ordnnncc, lint are under the control
nnd *u|K»rvli<loii of I he column inline ofllcer.

60. Stability tests of smokeless powder.—a. Any nitrocel-
lulose powder will gradully decompose nt high temperatures,
nnd nn the temperature Increnses above 70" F., the rate of de-
composition Increases with corresponding rapidity. At ordlnnry
temperatures, nnrh as arc found In magazines, the decomposition
of ftrnrlccnhln powdor In very glow; lint It mny be expected thnt
any nmokelcmi powdor will deteriorate In the course of time. As
drcnmpoRltlnn prncwds, the hnlllntlc qnnlltleM of the powder be-
conto Impnlred, nnd drcnmpnRltlon grndnnlly continues to the
point whore Hpnntnnenm Ignition mny occur.

ft. In order to rutlmnte the remaining life of mnokeleiw powder
no Hint It mny lie nsnl while sllll ncrTlcenhlc; and to Inmirn
wllhdrnwnl of imwdrr from cerrlrc (ipforn It heeonien dnngpr-
oiiRly dcterloratrd, Jt In nociwmry to condwt pcrlndlc Imrnortlnm
and tad* to deJcrmlno atahlllty or dcRroen of iwrrlcenMIIty.
Rnch InRprctlona nnd tratx nre prmrrllird hy the Chief of Ord-
nance field wrvlre bulletins or by upeelflc Instrnctlons, an condi-
tions mny require.

r. All iiersoiinel ciiRiiced lii Iho. Inxpnctlon nf smokeless powder
must be fnmlllnr with (he chnrnrterlstlrs nf decomposing powder.
Fnllnrn to detect n single conlnlnor of dolerlnrnteil powder mny
result In him by Are nf an entire mngnzlnc nnd Its content*

61. Mnlntennnce.—a. Mnlntennnce cnmprlsefi the activities
of reconditioning nnd renorntlon. The term "reconditioning" na
used In thin mnnunl npplles only to nnininnlMon nnd exploslTMi,
nnd Includes mich current mnlntennnee npcrntlona as removing
runt, repnlnllng, re-mnrklng, nnd repncklng In new or other serv-
iceable containers. The term "ronnirnfloii" Includes those mnln-
tennncf! n|iernllons neci<ssnry l» restore to pervlcenbln condition
an article which has dclorlornled nnd cannot IM* mnde servlcenliln
hy current reconditioning operations. It usually Involves re-
placement of mine deteriorated comimnents.

» 1
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ft. Rome of (he morn eoinmon recoiHllttonlng operations such
an rcacallng boxes nnd containers and replacing gnakela mny IMI
accomplished In rontlno operations. ItifNiliiflnx:, rr-mnrklng,
and rcimcklng will be done In accordant̂  wllh specific Instruc-
tions from (he Chief of Ordnance.

r.. The renovntlon of a lot of explosives or ammunition will
not bo undertaken except In accordance with the specific direc-
tions of Hie Chief of Ordnance. Tim work nsunlly Involves the
use of Hpeclnl equipment and methods, and requires close super-
vision to mnlntnln adequate standards of safety as well as to
assure the desired quality of workmanship.

68. Salvage.—a. The term "salvage," as used herein, Includes
the operations necessary to disassemble or break down ammuni-
tion and ammunition components In order to recover therefrom*
•II materials or components which are or mny be made service-
able, or which may have a money value as scrap.

ft. Salvage operations are conducted In accordance with specific
Instructions from the Chief of Ordnance.

63. Special safety regulations for maintenance and sal-
vage.—a. In maintenance and salvage operations, applicable
regulations as given In paragraph 7 will be observed. Regula-
tions which apply particularly to maintenance ami salvage of
explosives or ammunition are as follows:

(1) Ammunition or explosives will not be reconditioned, reno-
vated, or salvaged within. the magazine area unless the site,
buildings, or cars In which the work la done are devoted ex-
clusively to such work, and are specifically approved by the Chief
of Ordnance.

(2) The quantity of explosives or ammunition Involved or
present nt any operation at one time will be the minimum quan-
tity necessary to carry out the operation.

(3) Maintenance and salvage operations will tie carried out In
conformity wllh the quantity-distance requirements of section V.

(4) Placards showing the maximum amount of explosives or
ammunition, and the maximum number of persona permitted at
or near each operation, will be conspicuously posted. These
limits will be strictly observed.

(ft) Hawirdons operations, such na those Involving the re-
nt" vn I of lioosters from shell, and the dhMMomMy of fnaes and
grenades will be barricaded to reduce operating haeards.

. - I - 1
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(0) Ample flrc-flehflng fncllltlcs will In- ln*|iccfcd regnlnrly
nml mnlnlnlned In good working order. lltilhllng* nnd fnclllllcs
will lie prnlii-liil from gram tlrcx by nilcipiiilc lire hrenks.

(7) llrokcn Imxi-n, IIMIHC |*wder or cxploslvi*, WIIM|I> |Hi|ier,
nnd other iiniilniHllhh> mnlcrlnlM will not Im jieriiilllcd lo ac-
cumnlnle.

(8) The Inyiuil HIM! count rncl Inn of renovnllon pliiiits shnll lie
In conformity wllh I hi1 wifi-lr HinnilniilM pri-wrllMil In Kirllon
XXI for mniinfndnrlng nml londlng buildings.

64. Destruction of explosives nnd ammunition.—a. K.x-
ploslrea nnd nniiniinlllon which are dnngerouNly deteriorated or
which cnnnot lie cconomlcnlly anlvngcd will be destroyed. De-
struction of explosive mnlerlnl will lie ncronipllshcd by burning,
exploding, or dumping at sen ns specified In following iwrncmplis
of I his section, llnrylng explosives or •nmmunltlon, or dumping
them Into wnste places, pits, wells, mnrslies, altallow streams,
or Inland waterways la prohibited except as may be authorized
under the provisions of pnrngrnphs Offer nnd 2KM for blnek
powder nnd chemlcnl nminnnlflon.

». Destruction will not IN* undertaken without prior approval
of the Clilcf of Ordnance In ench case, except that commanding
officers mny order the Immediate destruction of dangerously
deteriorated explosive* or nmmnnllton when In (heir opinion
such nellon I* neeeswiry to protect, life or properly. When de-
struct Ion la niitliorlwd, the provisions of Army Regulations 35-
llfMO, Ixwt, Deslroyeil, Damaged, nr Uiwervlcnble Property, will
lie observed.

r. Instructions for destroying duilH nre Incxirimrnled In nppro-
prlnle lechnlcnl ami Held inn mm Is.

if. The melhiHls prescribed for (he destrucllon of chemlcnl
ammunition are contained In pnrt IV of (bin manual under spe-
cial rules for Hie vnrloux clnsses of chemical fillers.

68. Special anfety regulntlona for the destruction of ex-
plosives and nmmunltlon.—n. All dry gross, leaves, and other
eomhiisllhle ninferlnla will bn removed within n rnilhis of 200
feet from Hie |mlnt of destruction. Plre-flghllng fncllltles for
comhiiHng grass tires should lie mnlnlnlned rendlly nvnllnhto nnd,
If prnelh-nble. Hie ground nt Hie point of deslructlon should be
wet down with wafer nl the close of ench day's opernllona.

l>. Kxploslvcs nml iininiiinltlon will mil he destroyed by detona-
tion If miigiixIm-M nnd other buildings nre In ihingvr of being ilnm-
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nged by frncments or shock. If the dlstnncc from the plnce
of destruction lo miiRiir.lnes or InilldlngH In less limn ROOynrds, a
pit or IreiH'h which will limit effectively the rnngn of frngmenlH
will lie lined.

r. Di'inollllon of exphnlrea mny be iiccompllsheil dllicr by the
use nf electric blnsllng cups wllh hnnd eiirfodern (lilnsllng mn-
ehlties) or by nonelectric blnntlng cnpfi nnd wifely fuse.

rf. HID nlKiml f»r delonnllon will Im given by one dcslftiintcd re-
aponfillile Indlvldnnl only, who before ench detonntlon will Insure
Hint nil persons In Hie vicinity nre protected by mtwtnntlnl cover,
or hnve renehed n wife distance. If n blnstlng mndilne ta tued,
the wire* will not be connected to the termlnnla until all per-
sonnel hnve reached cover. ' • • •

e. If nonelectric hlnntlng* cape nnd miners' mfety fime nre lo
lie used the fuse will be first tented aa followa: A piece of fine 12
Inches long will be cut -from the roll to be need nnd Imrned to
determine Hie approximate time rate of burning In order that
sufficient length of fuse will be need to permit nil personnel to
retire to n mfe distance. The rate of burning of fuse varies wllh
ntmoppherlc conditions, degree of tightness of tntnplng, etc.
ruse which la too Inrge In dlnmelcr to enter Hie blnstlng cap
without forcing will not be need.

f. Klectrlc blnstlng cnpa are exploded by an electric current.
Nonelectric blnstlug cnpa are exploded by flame or apnrka from
mfety fuse. Both types of caps are copper cylinders loaded with
very sensitive and violent explosives and must be handled with
extreme care, The nee of Improvised methods for exploding
blnntlng cnps In prohibited. '

g. One-hnlf pound TNT blocks, one-qnnrler pound or one-hnlf
pound blockH of nltrostsrch explosives are provided for demoli-
tion purposes. These blocks mnst not be broken Into smnller
pieces.

ft. Mntcrlnl to be Imrned will be nlwnya removed from eon-
tnlners ns nttemptn to burn certain exploalveii or ammunition
under even slight confinement may result In explosions.

I. The smoiint of mnterlnl to be destroyed nt one time will
lie kept nt Hie minimum consistent with rensonnhle nnd nnfo
oiternllon. The number of units Ihnt may be destroyed gnfely
nt one lime will be determined carefully by starting wllh a lim-
ited number nnd then gradually Increasing Ihnt number milII
Hie maximum which enn be destroyed without rbika to life and
proiicrly Is determined.
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/. An some types «'f nniiniinlllon lire rnllirr difficult In explode,
n search of the mirrouiHlIng groitndM should IN* made after cnch
hlasl nnd any dttiiKennm niiifcrlnl wlih-h bus been thrown from
the |ill nnd wil «Moniilc<1 H|HHI|I| he collected nnd dndrnynl.

k. Mnicrlnl nwnllliiR divl ruction will lie protected ngnliiRf. acci-
dental Ignition nr explosion from fragments, grass flres, nr bum*
Ing embers. Tin* |NIM> of mipiiHit) should lie m> Isolated tlmt If
explosives should burn or detonate prematurely, surrounding
property will not be damaged.

I. In repeated burning operations, cnro will be taken to guard
against niaterlnl being Ignited from burning residue or heat re-
tained In the ground.

m. Riifllrlent and millnhlc prolectlon for personnel must bo
prorlded In the form of temixiinrjr nr permnnent barricade*, de-
pending on weal comlltloiw. Necessary action will be taken to
Insure that barricaded are lifted and safety distances observed by
all persons. In cases of misfire, personnel will not npiironch the
pit, trench, or point of detonation milII n period of HO minutes
has elapsed.

tt. Tim denlrnrllon of ninninnlllon by rxiihmlnn or detonation
require* very rnrrfnl mnlrol by those In charge. Such work
will not he nttent|ited with Inexperienced nr untrained peraonml.
The number of employee* engnRi'd In anch onerntlonii will bo
maintained at the minimum wmnWent with nafely.

o. In the ntaenee of niieclllr n*gnlaljnm nr Information corer-
Ing nny phnw of the dentrurfIon of explosive material, inatrne*
llona will lie riipiwHiMl from Hie <3ilef of Ordnnnee.

». At eslnlillslimi'iils whlrli are Inrotcd near n deen-iiea wnfer-
wny, and which nre loo reslrMed In area to make bnrnlng or de-
Innntlng mfe, px|H«slvp« or nminnnltlnii In lie destroyed may bo
placed on bargen, towwl out to *ca, and thrown ombonrd. In
Ilila rnw. howerer, the |Mirt nnlhorlllca will be cnnmdted, and
their regnlnlloim rcgnrillng Ilio trniinfer and etNpowil of material
of thh nature will Ite olisrrred. The inn I or In I will lie removed
from (•niiliiliicm before being iluni|M>d overboard. Iimlnneea are
on record In which ammunition thrown overboard In heavy
mntalnera linn washed up nn nhore. from great distances and
depths.

06. Destruction of specific materials.—n. Mark poirrfrr.—
The safest method of destroying black powder Is to dump It Into
n stream nr body of water; hut If no suitable body of water Is
convenient. It mar lie burned. In oiiviilng containers, safety
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tools only will l»e used. Tlie contents of one container only will
lie burned at one time. The |iowder must he removed from tho
eonlnlner nnd spread out on the ground In n trail about 2 Inches
wide, rare being taken Hint no part of the trail parallels another
pnrt nt a distance of IPHS than 10 feet. A train of Inflammable
material, such as excelsior, should be used to Ignite the powder.
Emptied containers will lie washed out. as serious explosions
have occurred with supposedly empty Mack-powder cans.

6. Bulk hlph. evploHvft.—linlk high explosives such as TNT,
explosive D, and tetryl should be destroyed by burning. The
explosive to be burned will be removed from containers and
spread In layers not over S Inches thick upon n layer of com-
bustible material such as excelsior. A train of this material
should lie used to Ignite the explosive. Not more than MO
pounds will be burned at one time. Applicable mfety regula-
tions contained In paragraph M will be observed. If It becomes
necessary to destroy other explosives, such as fulminate of
mercury nr dynamite, special Instructions will be furnished by
the Chief of Ordnance.

a flfmoftrtcM poiorfrr.—Smokeless powder mar ho destroyed
with wifely by bnrnlng, 1C the powder to removed from con*
tslners nnd spread out on bare ground In * train. The train
should be limited In width and thickness, depending upon the
granulation and type of the powder. Safe dimensions are de-
termined by starting with n small quantity and Increasing this
progressively until the maximum quantity which may be safely
burned nt one time Is reached. A train of combustIMo material
about 25 feet long on thn windward side should lie used to
Ignite the powder. General mfety regulation* contained In
paragraph 05 will be observed.

a*. PropelUtiff cftorpe*.—(1) Separate loading propelling
charges should be removed to the bnrnlng ground to be .
destroyed. lings will be cut open carefully. The smokeless
powder will bo properly spread, and burned as described In
paragraph o. •

(2) The Ignltera will ho destroyed by first cutting the pads
open and removing the black powder. The powder then will ho
destroyed as prescrllied In paragraph OBo. The empty powder
bags, Including the empty Igniter pads, will be disposed of by
burning In small quantities.

r. Artillery shell.—The following procedure refers to separate
loading nlietl. Fixed ammunition rarely deteriorates to such

•ft
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nn extent llml It tun*! IN- destroyed ml her I linn snlvngcd. (ml
where mich iM-llun IK luTiwwiry, Klicll dlxiiHscnililcd from flxed
rounds will IK- dcKfrnyi'd hi I lie MINH* iimnner nn nresrrlhrd
Mow for wiinrnli1 liiHtlliie shell.

(1) When tin artillery range or similar In TCP area to not
nvnllnlilo fur the safe destruction of separate loading shell h.r
detonation n pit or Ircnrh nltinil 4 foot deep should be mod.
Ily covering lhi» shell with 2 or more feet of enrlh tlH> rsnge of
frnngmenla may lie reduced.

(2) HK> projectile to ho destroyed If* plnciil on ltd side In
Hie pit nnd llu> minimi number of demolition Mocks nn pn?-
nrrllml In the following (nbln will Iw |4nml In Intlnmte contnrt
with thi> nldn of tln» |iroj«>rtllo nnd held In position by en r Hi
pnHcod around thn projectile.

(R) 'die following Inhti* Indlcnten the nnmbrr of demolition
lilockfi which ulionld IN; mifllclent to dealroy ahdl of the callbera
abown.

Numtrrtf

af uttrll Work*
TTinm. ami 2.24-lwh..— . . ... _______ _. __ . _ 1
2.n5-lnch, 7B mm.. 3-Inch. — . —————— — ._ —————— 2
4.7-liH'h, 1.T5 mm., fl-lnch __ ...... ........_.... —— __-_ _ 9
Slnch, 0.2-Inch, 240 mm_w.._. — . —— — — —— _..... — 8
10-Inch, 12-Inch, 14-Inch, 10 Inch ____ . _________ .. 6-0

(4) After (he Inst dhot the. ground In the. vicinity will be
iwnrrhcd for any nncxtiloded material. Any mirli material
fcmml trill lie dcalroyed by riiH-nlliiB the oprrallons outlined

(5) The Ri^nernl wifely rcKiilnlloim for the destruction of
ammunition given In 111 In manual will lie compiled with.

f. Jfoinb*. — ItomlM ahonld he diiitroy«Ml In acconlance with
limlrilctlona (>et fnrlh In pnrnRraph r, for «lentroylii|( artillery
alicll. However, dcinollllnn iNmilm hnve mich thin walla, con-
lain no much more exiilonlve I linn artillery riiell of corrcK|MindlnK
welRhlH, nnd iiNiially dHoniile ao coinplntHy lltat extreme pre-
cantlonfi iniml he Inken In nvold alrnclnral dnmnRC to hnlldhiKii
and Injury to permmnol. The di^lrncllon of Immli* larger than
1(N)-|HMini| iNimlm f-luuild not IK* iniderlnken wtthont the ft|ioclflc
n|i|iroval of the Chief of Ordniince. ilondm In the Immediate
vicinity awaiting (Icslrwllim fihoiild lie aeRregntcil In amnll pllen
UN) fii'l or mora n|mrt and at leant 30(1 feet frmn the detonating

ORDNANCK KAFRTT MANOAI, 60
pit. Rxl rente prccnnlloiui muct he taken to protect bomlia
awaiting deKlrnctlon against accidental Initiation by flre, frng-
mcnln, or pni|mgatlon.

ff. Ltplil mwltir *ncM.—IJght mortar abell vhonld be ile-
Mroycil In accordance with InNlructlomi fmr destroying artillery
dlnrll na net forth In pnragraiih «. Ilowercr, light mortar shell
contain n larger linratlng charge than artillery shell of the name
mlllK-r and have relatively thin wills. Care will be taken to
limit the number destroyed at any one time and to protect shell
awaiting destruction from flying fragments.

ft. Kinatt-nnnt ammunition.—Small-arms ammunition should
be destroyed In a pit which la approximately 0 feet square and
4 feet deep. An Inclined chute, such as a piece of pipe, ahonld
be provided, and this chnfe should be placed so that one end la
over the center of the pit and the other behind a barricade.
Precautions should be taken-to. baffle the open end behind a
barricade, or locate It so thai the operator cannot look down the
pipe. A hot flre should be built In the pit and then the pit
should lie covered with a piece of sheet Iron or other suitable
material to confine flying fragments. Cartridges should bo fed
Into the flre through the pipe. Oar* should bo taken to prevent
an accumulation of unexplodcd- ammunition In the pit.

I. Ftttat, detonator*, adapter*, poofter*, eta.—(1) Loaded com-
ponents, such as artillery faces, grenade fuses, boosters, detona-
tors, and similar material, except primers, may be destroyed
cither by burning or by exploding. • In the destruction by burn-
Ing these components will ho destroyed one at a time In the same
manner as outlined above for small-arms ammunition.

(2) In accomplishing the destruction of these components by
explosion n small number of components, depending upon the
lype and kind, should be placed In an open container In a pit or
trench shout 4 feet deep. On top of each container, ami in
Intimate contact with them, should be placed one or more demo-
lition blocks to be exploded with electric blasting cans or with
blasting caps ami safety fnse, observing the safely precautions
outlined In paragraph 05. • '• •

/. I'Hmcr*.—(1) In the destruction of primers, exeefit 100-
grain or 110-grnln primers, a trench approximately 2 feet deep,
1 foot wide, and of snlnclent length to accommodate tin; number
of primers to lie burned at one time, should lie prepared with
a qunntlty of cxcelnlor or similar combustible material sufficient
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In ln«nrc n hot lire Hirniielioul MM length. The primer* Khonlri
In' removed from ho.xc* nml pliiced on the excelidnr lM*fnre the
fire In lighted. I'nxlclMiiird cnrloim neeil nut lie o|N>ncd In-fore
Ihcy nre Mhiifd In Hie trench. A piece of Kin-el im'lnl xlioiild lie
phiced over the trench, to routine frngmenlH tin much n* |HWNlble.
Ntifllrleiit Kpiice phnnld bo left lo nllow n draft through the
trench. After the primer* nml cover nre In plnce. n train of
comhn*tlhle mnlerlnl lending Into the pit ulionld lie prefmred nnd
lighted. I'crwmiicl ulionld then fnkc cover or withdraw to n
wife illntnnce.

(2) targe primer*, mich n* lOOgrnln nnd ItO-grnln primer*
nre mihject to explo*lon en mn**e If destroyed In Inrge qiinntltle*
by Imrnlng. Thcxe type* ulionld lie destroyed nn described In
mihpnrngrnph A nbnve, except Hint only one primer will lie
dropped down the, chute, nnd the operator will wnlt until It hn»
exploded liefore Introducing nnother primer Into the chute.

(3) Tlii! Block of primer* nwnlllng destruction will not be
allowed wllliln JtflO feet of the burning o|icrntlomi, nnd grent
cure will he tnken to protect the pile from nccldentnl Ignition
by flying fragment* or npnrk*. Thl* *tock will lie limited to n
dny'n mifiply. Oilier nfipllcnlilc rcgnlntloim, enntnlned In iwrn-
gm|ih ffi> will be Mrlctly olmerml.

*. f7rcnrtrfp».—Prngmentntlon grennde* mny he destroyed by
explonlon In n mnnner nlmllnr to thnt prescribed for cepnrile
londlng projectile*. Qimnlllle* of not more thnn 20 grennde*
will be piled In clone contnct In the pit. Three demolition block*
plnced on top of the pile ulionld be Mifllclcnt to nccoinpllah de-
iitriicllon.

I. FpmfrrhHlc*.—1'yrnlcchnlcN, except, pnrnehnte flnrea nnd
Itholotlnnh Immh*, will he destroyed by burning In n pit In n
mnnner nlmllnr to fhnt prencrlhcd for primer*. Pnmchutc flnre*
will be dcMroyeil by burning on the ground In the open. Indl-
rldnnl flnren olionld Im ncjwrntwl by n dlntniice of nt len*t 4 feet
nml plncwl on top of n Inyer of combustible nmterlnl. After
lighting the train of comhn*! Ihlc nmterlnl, iiermmnel should tnke
cover or wllhdrnw In n wife dhilnncc. I'liolollnnh bomb* will
be deHtrorcd n* prescribed In pnrnernph UOc for artillery §hell.

PART II
SPECIAL REGULATIONS FOR HANDLING AND STORING

SPECIFIC KINDS OF MILITARY EXPLOSIVES AND AM-
MUNITION, TOGETHER WITH BRIEF DESCRIPTIONS
OF THE PROPERTIES AND USES OF TOE MORE IM-
PORTANT ITEMS

i;:

71
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MM 4-1. Army Hlwk Powder. Tin- iwcs of tho Krniinliitlonn urn
BK follow*:

IV.lrmill.in

Arm* Mw* powlrr:
(Iniiln A. No. I..
«ln«|p A, No. 1..
(inuln A, No. 4

Unit* A, No. I
(InutaA, No.«

All limllliw e»mr*rs, crrlaln nrimpn, •ml mluUnf ehnrfrt.
HlirHnl ttmi.
ll»» charm (or nhrapnrl, bun chMKra for fin**, mtmrr*.

nnnki-iiulf clwriw*. Imnthir eraimrii I'" imctloo hoiiilw.
IHm-Iliv Mili-il |ifi.)pnllli-«, tod certain tulwalllier riirH.

I'rlMi tor frtmm unil lain.
I'rllrll lot iH-lmrra mill tun*.

MnmnMhirH No. I, No. S, mill No. 4 lire nhtnl; No. ( mid No. • »n ungbinvl.

fc. The alwre grade* are alricfly Army designations mid should
not be confused with commercial grading. Commercial grade*
lire Indicated by the following abbreviations:

I'olnmluin-iiKrnln nnirdeiv, A nowdera.
ftndlnm-nltiiitft powdmn, II powders.
110, nnglniHHl; O, Rlnzrd; C, course; F, fine.
Thm>, (he diwlftniillon AFKFd monim n commcrclnl potimlum

nllrnlo, Rlnisnl |mwd«-r of triplr? P RmnnlnHon (rcry flue), which
to nbMit tho cnmc Hint on Army grade A-4.

c. lime fnw pon-drr In rorprcd hy United Btntea Army Bpedfl-
ratlon No. fiO-14-0 (Inlest revision). Fn«e Powdern. Two types
of tlmn fum powdpra nre tinted; Ty\m> I nml II, which are
li|i>ndcd to olitnln the drslml rnte of burning for any fine.

rf. BtKllinn nllrnle Mnrk fmwdnr in mdmllliitml In mme riiscn for
Army Mark powder IHTMIIW of ll« n-lnllvely lower coat. It la
mveml by Unlliil Slalra Army RperlflniHon No. W)-M-4 (InKfit.
rerlxlon), Smllutn Nitrate Blark Powder. The apcclflcatlon
corera one grade aa follow*:

flaw A: For nws In painting rhargos.
Clam It: For we In prarllre iNimba.
Rofllnm nllrali; black powder In more hygroneoptc than Army

black powder. FtiHllnm nllrate black powder pellets are tmed In
blank aminnnlllon for cannon, and In practice ahcll. R|ieclflca-
llona covering the |tolloln may he found on current Ordnance
drawlnga.

00. Packing and marking.—a. The standard container for
Army black powder IH a metal keg of 25 iHinnda capacity built In
accordance with Ordnance PiNvlllrntlonii, or a commercial drum

(8)
(4)
(6)

TO.

of equal quality and capacity complying with Interstate Com-
merce <!ommls*lon regulations.

6. Itlnck iiowder In Hie form of Igniting charges may lie packed
In airtight, metal-lined containers, complying with Interstate
Ommerni ComiulsNlon regulations; but the amount of black
Iiowder packed In one container to limited to DO ponqds.

o. In addition to the marking prescribed by Interstate Com-
merce Comnikmloti regulations the fallowing Identifying data
Hhonld atipear on Army black powder containers:

(1) Ordnance contract number.
Manufacturer's name.
Plant symbols or key letter.
Name and grade of material.
Army lot number. '
Net weight and gross weight
Storage and shipping.—«. Ordnance drawlnga show the

recommended method of piling Mack powder In metal containers.
This method will be followed when new stocks are received or
existing stocks are replied.

ft. When black powder Is shipped or received, each container
will be Inspected for holes and weak spots. They will be exam-
ined particularly for small boles, such as those made hy nails,
which are visible only upon close examination. Damaged con-
talnera will not be repaired; the contents will be transferred to
new or serviceable contalnera.

c. Mctnl contalnera for •export shipment will be crated.
Usually two contalnera are packed In each crate.

71. Maintenance.—*!. Repainting of containers and repack-
ing of black powder contained In damaged or unserviceable con-
tainer* constitute the principal maintenance activities. Black
powder containers are subject to sweating, which rusts metal
drums or kega. so repainting to necessary to keep contalnera
serviceable. Repainting wilt not be done In a magaslne In which
explosives or ammunition are stored. It may be done In a nearby
empty magazine, or In clear weather In the open at least 100 feet
from the nearest magnrine. The quantity of Mack powder at
or near such operations will be limited to 100 pounds. Tho
marking on repainted contalnera will be checked carefully to see
that It la a facsimile of the old. '

6. The metal caps on certain types of black powder contalnera
deteriorate In storage. Replacement of these cam Is allowed,

ftff

I
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Iml UK* same wifely pm-nnllnnx n* outlined iihmc for-repalntlng
ranfnlners will |N> followed.

r. (l|H*rnlliMm snrii n« I lie rcmnvitl of Muck pnwder fnmi «IMI-
liilmw niHl UN Irnnsfor from imwrvlcdilili- In wrrln-nlilr drums
will Im rnmlnrfcd In Hlrlct compliance wllli npplt<til>l<> iNirlhms
nf Hie wifHy rcguliiflim* for Muck powder charges, as described
In the following iNirngraph.

78. Blnck powder charges.—<i. The assembly nf lilnnk am-
miiiililoii f»r rnnnon nml Mtlulliig <-li«rir«tt will Im cnmlnclcd In
accordance with ft|N!rlnl Inslruelkms fiirnlnliml by tiro Chief of
Ordnance.

ft. Illnnk nmmiiiilMoii itmy lie londod wllli «>lllier:
(1) Army blnck pnwder In bags.
(2) Sodium nllrsle bluck powder In lings.
(21) Sodium blnrk pnwder In pellet form.
Sodlnm nllralc blnck powder In available commercially nml at

n cant somewhat lew tlinn Army Murk powder, which contain*
potassium nitrate, Commercial mdlnin nitrate Mack powder
(K-llrln wrnptN*d In fcllnplmim are lx>liic u.«od extennlrely. Ilie
lirilet form nf Ihla pnwder gmilly fncllllnlea Imidlnit and redncra
amembly hnmnK IN-Holn am animlliil In ulngta and iVmlilo
niillM fur reilm-ed mid full rimrttfi*. rwpcrtlvcly. Hrcnime an-
ilium nltrnln blnck |H>wd<T In more byprmwiplc than Army black
powder, adillllnnnl care IK necewary In utorlrajr and handling to
prevent cxpnmre In ttmlsinre.

r. 1'n-cnntloiin almllnr In Ihnnc nppl.rtiiK In tlio amnmbly of
other ammiinlllon will lie followed In amcniMInK blank am-
mnnlllnn and MilnlliiR charRCR. Pttrllriilnr caution mnot. Im
Men-b«l becnnae nf Hie IreHrheniim iinlnrc nf black powder.
Hie following general xafcly reeiilallnnx will be compiled with
In Hie nswnilily nf black aminiinltlnn and unlntlng charge*:

(1) ntack fmtrder npcrallnna rimnld he craidncled In special
ImHdliie* which will not IN* lined for oilier pnrpoftc* at I he
mine time.

(2) The floor of I IIP building In which black imwder la handled
will he mrfarcd wllli millahle malerlnl.

(.1) Inlraplant finantlly-illHlanii* ri>i|nlreiiienlii for high ex-
pliMlrea ax elven In Ihlx niannal will he followed.

H) Ahmlnle ••lotiiillnps-* will be maintained at all 11 HIM In
and around each o|ieratlon.

i '

(fi) NnnlnKiilallng nafely ahnea will lie worn by penmnnel In
all Broniibly <>|H>riill<ni8.

(Ill All <i|iifpiniMil will IN* elirlrlcally gniiindod, and It ahonld
IN- determined by leal (lint nil pa Ha of the equipment, urn
effectively grounded.

(7) Kinply metal containers which have held Mack powder
will be thoroughly wafthed Inahfo with water before they am'
dlpnoMcd of. Bcrloua e»|»IOMlona bare oeenrreil with annioaedly
fni|Hy cann. W<MN|CII cnntnlnera will be deatroyed by Inirnlng.

(8) Safety tools only will be naed In opening or closing con-
lalncra or In handling black powder. •

(0) Procemea should he no laid out as to bring about fre-
quent grounding of operators.

73. Fires.—a. Most black powder flres start from aparkit, and
Ignition remilts In an explosion so quickly that no attempt can
be made to fight the fire. Rvery effort will be matte to prevent
lire from reaching stores Of black powder, but If this falls, fire-
lighting forces will be withdrawn at least 800 feet from the
fire, and will protect themselves against an explosion by seeking
any cover available, or by lying flat on the ground.

ft. If an explosion should occur, every effort will Im made to
prevent, flumes from spreading to adjacent magnetites, flre-
Ughllng forces must be cautious In approaching n Are which
may Involve blnck powder to avoid being trapped or Injured by
an explosion.

74. Safety precautions.—a. Most explosions of Mack powder
originate from sparks, mid th<J safety rules contained in tho
following paragraphs will bo strictly enforced and obeyed.

ft. A container will not be opened In a magnslnfl In which
explosives or ammunition are stored. This will be done only In
a room or building free from all other explosives or ammunition, •
or In suitable weather In the open at least 100 feet from the '
nearent magnslne. Tho quantity at or near such an operation
will be limited to 100 pounds.

c. Snfety tools only will be nsed In opening or closing con>
lalners, or In other operations Involving Mark powder.

if. Rnfely shoes will be worn4 In nil rooms In which blnck
pnwder IH handled, and by all persons engsged in hsndllng Mack
powder; I he wearing of nnnconductlve shoes such as rubber Is
prohibited.

4tnimo«_ii-—o
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r. If the handling "t black imwdor IN mirled on over a con-
crete flitor, (lie flour will to covered with a Intimnlln, or other
suitable material.

f. I**!** Mark powder la extremely dangerous. Whenever It
la nccrMKary lo haiul|<> liNwt Idm-lt (mwdcr n»t over fill pntinda
of powder In o|Mm containers and 110 |miimln In closed conlalncra
will IN* permitted at or near anch operations.

f. If black tmwd«r la spilled on benches or floors nil work
will hn slopped nnlll Inn powder liaa been removed and the
explosive hnxanl of any remaining dust or flue particles haa
been neutralised with water.

ft. Rornna or buildings In which Mack powder In handled will
he Inspected frequently for the preaimee of Mark-powder duet;
and all men dnat will lie Immediately removed with water.

(faction IX
HIOH EXPLOSIVES
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75. General.—a. Trinitrotoluene (TNT), ammonlnm plcrate
(explosive I)), tctryl, picric arid, and ammonlnm nitrate may be
atored In In rue qnnnlll.lcs at Ordnance establishment* Tlic ator-
age, In amall amounts, of «nch malerlala as mercury fulminate
and lead aside will hn governed by the provlnlotm atateil for
anrh malerlala In section XXII, Storage ami Handling of Ilat-
ardoiix Haw Miilprlnls, HxploNlrea and Inflamntahlea. When It
la nereamry to atore anliKlanllal amonnla (more than a few
ponnda) of Iheae latter cxiilnalrea, or of exploalTea not covered
In thla aertlnn IX, aneclal rrejilallona will be fnrnlahcd by the
Clilrf of Ordnance aa required.

70. TNT.—a. Trinitrotoluene, aa atnred In hulk, la In the
form of flakes or small crj-dlnlH rarylng In color from buff to
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brown. It Is very stable, and does not form sensitive com-
pounds with metals. It Ignites by friction, shock, or spark, ami
burns readily like n tar or resin. If burned In large quantities
II may delonale.

ft. TNT IN tiwHl In boosters, aa (be bursting rhsrce of shell
ami ImmliM, In some primer mixtures, and for demolition blocka.
When combined with ammonium nitrate, the resulting explosion
mixture la known as amatol. Thla mixture la designated aa
GO-IHI amatol or 80-20 amatol, depending upon the approximate
proportions of ammonium nitrate and TNT respectively.

o. A lot of TNT usually ranges from 5,000 to 100,000 ponnda.
As each lot haa definite characteristics Its Identity must he
carefully maintained. A history of the manufacture of each
lot Is fllcil In the office of the Chief,of Ordnance and la need In
the Investigation of any unusual action or deterioration occur-
ring In service or In storage.

A. TNT la graded In accordance with United States Army Sped-
flcatlon No. 50-18-3. i . ...

77. Explosive D.—a. Rxploslve O (ammounlnm plcrate) la
a high explosive which In bulk appears In the form of finely
divided crystals varying In color from yellow to orange-brown.
It stains the human hair and skin yellow. Explosive D Is
less sensitive than TNT. Is highly Inflammable, and may be
Ignited by friction, heat, or sparks. It can be exploded by severe
shock, friction, or heat and may detonate on burning. It reacts
with lead and some other metals to form sensitive plcratea, but
In thla respect Is less active than plcrld add.

». Explosive D la nsed as a bursting charge for all projectiles
which must withstand severe stresses and shocks before detonat-
ing; such aa armor-piercing projectiles.

e. Ammonium plcrate which haa been pressed at a shell-told-
Ins; plant and removed from shells Is much more sensitive to
shock than new material. If It becomes necessary to store this
material, special precautions should be observed In protecting It
against shock or flre. Preferably, It should be stored In «
building by Itself.

78. Ammonium nitrate.—«. Ammonlnm nitrate Is n crystal-
line powder varying In color from almost white to brown. It Is
mixed with TNT In the manufacture of amatol, which In nsed
primarily as a bursting charge In demolition bombs. Ammonium
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nllrale usually can nnl lie detonated liy lu-nl or frlrtlon Imt may
be rx|tlodcd by a miHli-lciilly hi-avy Inltlnllon. It may be ex-
plm|.Ml by rcliiflvcly light liilllnlluii If II IIIIH been aeiiallliH'd by
rerlatn liii|inrlllot. nniniig which nri> ninny nirlNUiniiiiiiM male-
rials. AniiMiinlnin nitrate I* md very InflHininiibli! nl atmospheric
tomiN-rafnrcK, Iml flrcs Involving ntiitimtilnm nltrnlc In large
quantifies become nn explosive hnwird.

b. When stored In approved molal containers In a high explo-
sives storage aim I lie quail) Mien nnd distances for high explosives
storage will ho compiled wild. When stored In an area with
Inflammable materials, which area Is separated from building*
containing high explosives hy lnbahlto«l building distances at
art fnrlh In section V of thla manual, ammonlnm nitrate may
bo stored In accordance with the safety-distance regulations
for smokeless powder,

r. The ftliiiidard container for ammonium nitrate la a moisture-
proof metal container aptiroved by the Ordnance Department and
complying with Interstate <'ommerec Cnmmlwdon rognlatlona.
Rn<h «iinlalni>r must lie market aa prcKcrllicd hy United State*
Army Kpwlflratlmifl.

70. Tetryl.—a. Trtryl la n yelh»w cryalalllnn |»mvdrr. It
Imrmi rradlly and la more armiltlre thnn TNT, It Ignltr* from
frlrllon, nh(H-h, or *|iark», ami N quite Ilkoly to drtonalp If bnrnrd
In large quantified. Hpcclal precautions miMt be taken to pre-
rent Ignition or exiilomlnn from friction or blown duo to rough
handling.

b. Trfryl la nard In loading humler* and I IIP bonnier car I! IPS
of fur.p». Ix»(!« of (piryl are llmllml to a maximum of 50,000
ponmK Tim liNlory of each lot la recorded aa for TNT.

80. Packing and marking.—a. The contalnera n*ed for pack-
Ing hulk hlKh pjqilcwlvp.1 will comply wllh Interatalc Commerce
Cnimnl»<|im î gnlallona, ami Ordnanpe drawlnga and upoclllcn-
tlona. All tfmlnlncrii mimt he Iliuil with ulrong (ilft-proof cloth
or |Mprr INICN, or llnrrx wllh ccmoiili-«l m-num nnd clonnren. 'in
addlllon to the markings prcwrllinl hy Inlcrxlflle Commerce Coin-
mhmloii rcgnlallmiM. lhi>followliiglndenllf.vliigdala ahonld niqiear
nn UK* ciHilalm>r: Ordimnre conlrnrl mmilirr, place, and data
of innmifacliire, lot niimlier, IIIMMP, and grade of material, and
net wplght.

61. Storage.—a. Conlalncn* of high explosives will lie atored
wllll luc lop Hide up to prevent the explosive from Hitting out,
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new alocka will he piled, and Misting alocka rearranged In com-
pliance wllh applicable Ordnance Detmrtmcnt drawlnga.

83. Maintenance.—a. High exploalrea are naiially very atablo
In Mtoragc, Iml Iliclr coiilalneni arc mihject lo drlprltirntlon.
DnningiHl or dderloralfd contalnera will he repnlrwl, or thdr
content* traimferred to new or •enrlceabto contalnera. Thla
work will be done In a room or building free from all other e«-
ploMvea or In anltahle weather In the open, at mifllclent distance
to comply wllh qnantlty-dlatance tables requirements, but In no
case closer than 100 feet from any building containing explosive!
or ammunition. The amount of explosives at or near inch oper-
ations will be limited to one open container of 100 ponnds ami
four closed containers. Safety tools will be naed for all re-
packing or reiMlrlng operations. The content* of damaged con-
talnera will be examined for the presence of dirt or foreign
matter, which must be removed before repairing or repacking.

6. If a standard container Is not available for repacking, a
strong wooden box not exceeding 140 pounds grow weight when
packed will be lined. Rm-h contalnera will be lined carefully aa
apcclflcd for the standard container. Container* will bo marked
lo corner with Interstate Commerce Commission regulations.

83. Fires.—If n lire occur* In explosive* sforwl In wooden
boxes, the explosives usually will burn quietly, but may detonate.
If the flre has gained considerable headway before It la discov-
ered, no attempt should ho made to tight the fire. The maganlne
should be abandoned and the efforts of flre-flghtlng forces should
be directed toward preventing the spread of flre to other maga-
islnea. Flrc-flghtlng force* will not go closer than adjacent
magazines, nnd will protect themselves against n possible ex-
plosion by taking advantage of available cover, or hy lying flat
on the ground.

84. Safety precautions.—Safety shoes will he worn In re-
packing rooms or Imlldlngs, and whenever looso high explosive*
are handled. Tim wearing of safety shoes by personnel handling
high explosives In boxen or other containers Is at the discretion
of the commanding officer, who should be guided In hi* decision
by existing conditions, lloxes containing high explosive* will bo
oiicneil and repaired wllh anfety tool* Container* will not bo
ofiened In a mngaclne In which explosive* or ammunition are
stored.

i
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HWTTION X

SMOKELESS POWDER
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89. General.— «i. A complele description of Ihn manufacture
and properties nf smokeless powder will be found In TM 9-2000,
Military Kxploslves. Only HHHIC properties which are lm|N>rtant
from a atoragn ami anrvelllancc standpoint are outlined herein.

ft. Smokeless powder In designed to contain a definite percent-
age of rcsldnnl volallles In the finished grnln. It IN potent In I that
thla fwrrrnlnRC ranaln aa conMant afl |xm*ll»lo during the time
HIP powder la In wrvlcc or atoragr. Any change In the pnr-
nmtagn of voliitllifi alTrrta the hnlimirs and atnblllty «f Inn
powdrr, an It la |mrkr<l In airtight rontalnera. When a container
of nltrocrllnlom powder la nimieil, an odor of ether and alcohol
will lie wiled, wlilrli la a normal condition.

c. Small amonnta of nnronniHtl MnokHowi powder hum wllh
little mnokc or aoh and without explosion. When confined, or
In large qnnnHllea, llm rale of hurtling Inrrcnura wllh the tern-
|N>ralnrc ami pn-wnire. Umlcr ii*rliiln iiimlllloiia, wllh HiiflU'leiit
Inlllallon, rniioVHi-n* (mwder him IMHMI known lo detonate.

rf, Balvagrd or dHerloratcd mimkrUf« iKiwder must be. riilppcd
under water In nnilalnera anch n« IMIXOH. Imrreln, or tank cara
which cnni|ily wllh the Interstate Commerce Ooiumlmlon
regnlatlnna

86. Cannon powder. — a. Borrlrn amokeleaa powder forma the
propelling chnrgn fur flxeil and wpornle hmdlng aniinnnllloii
lined In all Army ninnim. I'miiellliig chargea arc Ignited by a
primer iiinlainlng a charge of lilm-k imwder or a primer and an
Igniter rharge of hlnek powder.

ft. Hmokeli-xn |mwder for ranmin, In tola of a|i|iroxlinntely
100,000 iNiiindM, la mnnnfacturcil umlcr uniform comllllona,
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grained lo a uniform «lw, ami blended to contain a nnlform
amount of renldnal volnllleH. The characlerlatleii and proncrtlea
|N*«-iilliir In earh lot require that HH Identity be maintained care-
fully mil II It In nwd or withdrawn from Hcrrlce. For earh lot
there la prppnrcd and fllcd In the office of the Chief of Ordnance
a dewrl|itlon ahcct which contain* the detalla of manufacture
and all chemical and nhyftlcal teats made on the raw materlala
and Hnlfthcd powder. 11i«*ae ahneta are auiqilenienteit by reporta
of nalllatlc teata made In proof firing the lot of powder, and
ealaMlnhlng the weight of charge. Tbeaa record! are referred to
In making Inreatlgatlona of nnutnal reaulta, abnormal deteriora-
tion, or other difficulties encountered or noted In aervlco or In
•forage. •

87. Small-arms powder.—n. Several kind* of amokelean pow-
dera have been anthorlBPd for me In amall-arma ammnnltlon.
Many of them are coated with graphite and have a black potlihed
appearance. The powder grains are very small, and Ignite more
readily and burn freely than cannon powder. When moisture la
present, or abnormal temperatures prevail, they are aubject to
more rapid deterioration than larger grains. Sotna muill-arms
powders are nearly as wmltlre to friction aa black powder.
Bpeclal precautions should be taken to avoid friction when them
powders are handled, and particular attention should he given
to spilled powder In operating lines.

6. Small-arms powders are used aa charges In all small-arms
amniiinltlon such aft hnll, tracer, Incendiary, armor-piercing* and .
blank ammunition uwd In rifles, machine guns, automatic rifle*,
pistols, and rerolvera. They an also nsed In propelling charges
for trench-mortar ammunition, 87-mm. cannon, and In blank
cartridges for grenades and pyrotechnics. Small-arms powder
lots are smaller than cannon powder iota, varying In aim from ti
few Ihoiimnd pounds np to approximately 00,000 pounds. Lots
of pistol powder are much smaller than those of rifle and ma-
chlne-gnn powders. The Identity of small-arms powder lota I*
maintained aa for cannon powder*, and almllar description sheets
•re prepared.

o. Most small-arms powders can bo grouped Into two general
claaaea; nitrocellulose or single-base powdera, and nitroglycerine
or double-base powders. The following are brief descriptions of
most types of small-arms imwders now In service. More detailed
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Infnriniillon rnnwriilngmtinlt-nriiM |MtwderM IN given InTMO-2WH1,
Military Kxplimlvcjt.

rf. SliiKle-lwce «r m-mllrd "*trnlght nllrnretlnloM! type":
(II K. V. fimrifrr i K f p l n x l r c x »'«. ;>oirrfrr).—Thin powder In

Rriitiulnled Inlit Kimtll nlml Ilki- gmln*, pink or yellow In color.
II In used In rnllher .!IO mill nilHifr .till liltuik ainiiniiilllon, nnil
nil n burnt tug chnrge for grcnndi-H.

(2) I'lntot poirrfn No. B.~Thin powder Ifl used In enlllier .45
Itnll cnrlrltlKi-n fr plwlol nnil revolver. It IN nimto In (lie form
of round flnki-H.

(3) IMK IIH-'i.—'I'M* IH n ronled iillrorellnlofe pnwder, con-
taining powdered I In. or tin will*. It IK mnde In the form of
ryllndrleal immo|MTforntrt1 grains, nnd In used In caliber .DO
(mil Ml, rnllher .."Ml Irarer Ml, nnil nil HUT .90 nrmor piercing
MI nmmnnltlon. llnlll 11M1 II wnn uw-d In cnlltor .:» hnll M2
ammnnlllnn. It Is now nuporneded hy IMR 4(17(1.

(4) lUlt 4«7ff.—Thin Ix (Minimi nitrocellulose powder mndc In
the, form of eyllndrlenl monoperforated grnlnn of shorter length
limn Hint of IMIl lISTi. It eontnlnn no tin, lint n mnnll tiro-
portion of nnlnnslnm wills for llnsh ellmlnntlon. It In nnml In
enlllH-r .»> hnll M2, cnllhpr .3(1 nnwir-pleri'lMH M2, nnd vnllhcr
.30 tmrer Ml nnimnnlllon.

(5) IMR HUM.—Thin Is eon ted nitrocellulose powder mndc In
the fonn of eyllmlrlml, nioiMipcrforled Rrnlnii, contnlnlnR both
tin nml |H>litfwliiin roni|Mmmlx. It IN used In cnllbcr .00 ball,
armor-plprrliiK, nml trnrer ninmnnltlon.

f. llonlilo-linw, or nltroRlywrlnp lyiw:
(1) /liilM-rim pointer K». .?.—'llilw wns niwd In cnllber .Vt

|ilnl«l luill nnd frnrer nniniunltlon. Its use hn* IIOPII mm|N>iidPil.
(2) niVrl Kn. It.'t.—This l« eimled powder mndc In the form

of ryllmlrlrnl inoiMi|M-rfiirnled Rrnlim, conlnlnlnfc nhont 20 pprccnt
nltroclycerlim. II won lived In londhiR nhont 4 million rounds
of high velorlly nriiM>r-plereln(t mllhrr .30 nmmnnltlon.

88. Flanhlem, nonhygroscople powder.—a. Klimhleiw, non-
hyitroseo|ili- (VNII) pim-dern nro used In wnnll-nrms nnd rnnnon
nnimnnlllon. Tln-y nro idnillnr In ii|i|M<nrnnn> nnd Kramilnllon
lo lliR older ty|M> of MrnlRht ultr<Ki'llnl«me, or pyro powder. 'Ilie
only mnrkwl dlffi»r»»nec In th« nlwwico of the thnrnctprlntln odor
of ether nnd nlcoliol, generally nrauclnted with nitrocellulose
powder.

fc. Flnnhlrm, noiihygroofoplc powders will Im mdijerlcd to the
nnm<! wirvelllnnee ti-sts IIH nrc prcwrllH-d f»r cnnnon |mwdcr.
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Tim rcRtilnllotm coverulng thin type of powder are the name an
those for cnnnon powder.

89. Nonatnndnrd powder.—At tlmen, powdera sueli nn cordite
or oilier iioiiHtnndnrd imwiterH mny be slortxl at Ordnnncn cstnn-
IlKlinieutH. 'llti'w! |Niwdi*rn aro mibject lo the name nnfely rcun-
Inllonn nnd mirvclllancc testa as are itrencrlbcd for Hlnndiinl
powders.

90. Packing and marking.—a. Smoketass powder In packed
In accordnnco with the following avncrnt rules. Hpeclllc re>
(|iilreiiienln for pnckliiR are corered In Ordnance drawing*, speci-
fications, and dlroctlYCS.

M (1) The ntnndnrd container for muUlperforated nltrocellnlom
I powders with web thlvkness of 0.019 Inch and ibore to an all-
n *tc<!l Imx of 110 pounds' capacity, constructed In accordance with

I Ordnance drawings.
I (2) Btnndurd contnlnera for most double bam powders, single
perforated powders, and an powders with web thickness less than
9.019 Inch are metal-lined wooden boxes, constructed In accord-
ance with Ordnance drawings.

(3) For temporary storage, or transportation to loading
plants, most powders mny be packed In fiber containers in accord-
unco with Instructions Issued by the Chief of Ordnance.

6. In addition to the mnrklng required by Intenrtnte Commerce
Commission regulations, the following data should appear on
smokeless powder contnlnera:

(1) Initials of the mnnufactnrer whose formula is used.
(2) Type of powder.
(8) Mnnufncturer'a Initials.
(4) Lot number.
(5) Yenr of innnnfncture.
(0) Cnllbcr of gun for which Intended.
(?) Net weight

Storage.—«. The methods of piling hulk nnoketena pow-
i boxen nre shown on Ordnance drawings. These drawings
be followed when new Block to piled or existing stock

rrnngcd. . ••
The stability and useful life of smokeless powder are ad-

versely affected If It la stored In a damp atmosphere or subjected
to high temperatures. A combination of the two Is partlrnlarly
bnd. Mngnelnes for smokeless powder should lie dry and the
ground around them nhould be well drained. They ahonld have
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a minimum variation In temperature nnd a free clrenlaflon of
iiMil, dry n I r, exii-|il I lull n f ni-rlmiliillmi of air IM not ordinarily
rei|ulrefl for smokeless powder slured In Ighm magaxlnea. Small-
nrniH |towdcrs In bulk an; stored In the mine manner na cannon
iwwder*. As they may deteriorate more rapidly than cannon
powders (he selection of proper storage mngaslnes and (he main-
leiiiince of good storage coiidlllimM are most Important.

r. Hm»ki>les« iniwdcr In ttmlalncrs will not lie exposed to the
direct rays of (he sun for any long period of lime. Containers
which cannot hn placed promptly under cover will he covered
with a tarpaulin placed so that air can circulate through the
pile.

<f. Il»ueh handling of smokeless-powder containers Is prohib-
ited, as seams may be opened In the containers or liners thus,
allowing air and moisture (o enter the container, creating con-
ditions which may seriously affect the life of the powder,

08. Maintenance.—«. The principal maintenance activities
are the repair of damaged rontalnera and the replacement of
.defective covers ami gaskets. Containers for bulk powder are
not ordinarily nir-tesled In storage. They are substantially
made and should not develop leaks after (hey have been fllled
and air-tested, unless they have been subjected to extremely
rough handling.

b. Powder will not be stored or shlpfied In damaged contain-
ers. The outer or wood container usually can be repaired or
replaced without removing the contents of (he Inner container.
•This work will Im done In a suitable room or building free from
all olher explosives or ammunition, or In clear weather, In the
open, shaded from (he sunlight at sufficient distance to comply
with quantity-distance tables requirements, but In no case closer
limn 100 feet from any building containing explosives or ammuni-
tion. Rnfety tools will lie used.

it. When (he Inner metal container Is damaged, or when
powder Is to lie repacked In new or serviceable containers, all
repacking will hn done In a suitable room or building, free from

.all other explosives or ammunition, where the |iowdcr will not be
exposed to a damp atmosphere or (lie direct rays of the sun.
Kach container In which powder Is to he repacked will lie alr-
tcstcd both before and after It Is fllled. This will be done with
the sir-testing apparatus used for testing the containers for
.separata loading iimpolllng charges, and using n special cover
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fitted with an nlr-lmf hole. The amount of powder nt or near
re|Hi<-klng u|M>rntlon* will be limited Iv that In ono open «HI-
lalner and nine closed containers. Tim dlManco from nearby
buildings containing explosive* will be In accordance with tho
Intraplnnt quantity-distance table, and In DO case leas than 100
feet Tho Inner metal container will not be repaired or Mldered
milII precautions have been taken to Insure (bat It contains
no loose grains of powder or powder dust Safety tools only
will he used.

93. Fires.—Careful study of the reports of acveral smokeless
powder flres, which have occurred at Ordnance establishments,
shows that hulk powder. In storage constitutes an unusual and
severe flre hacnrd which In, most eases can be confined to the
building In which It originates. If • flre to discovered In •
magadne, there Is little chance that the building can be saved,
and the efforts of the flre-flghtlng forces will be confined to pro-
tecting adjacent magazines. .Because of the Intense beat gen-
erated by burning smokeless powder, nil flre-flghtlng equipment
must he halted at least 200 yards from the flre, and ill avail-
able cover utilized by the flre-flghtlng forces. A careful watch
will be maintained for burning embers and grass flres In order
to prevent the flre from spreading. If a flre occurs tn a maga-
clne or repacking room where employees are working and In-
volves only a small amount of loose powder (not more than
160 pounds), an effort should be made to control and prevent
(he spread of the flre. .,.< .

04. Explosion haenrda of smokeless powder.—o. When
smokeless powder Is stored In magaslnes In containers or pro-
pelling charges, there Is no evidence to Indicate that flres win
give rise to any unusual basards. Cases In which pressures
great enough to result In structural damage have occurred In-
Tolved the burning or explosion of smokeless powder under
circumstances not ordinarily encountered In the storage of (he
material In containers. It Is known that pressure may develop
when iwwders having web thicknesses of less than 0.010 Inch nre
hunted In heavy closed containers. When these powders are
burned In standard ElwMlned wooden packing boxes, dangerous
pressures do not develop. Similarly, when double base powder
or powders of small grannlatlona are burned In nnlnterrnnted
columns not exceeding certain established critical heights,
dangerous pressures do not develop.
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b. There Is however Incontrovertible evidence thnt explosions
of nitrocellulose imwdcra up to targe grain dices nre cnimMc of
bring propagated from (MIX In box when they are Inllliiled by
detonation of high i-xpbwlvm i-hnrRm

OB. Safety precautions.—a. Smokeless powder p*|mspd In
exlrcmely ndvcrxn conditions nf inolsiun* mid IcmiHTitlurc for
a long period of time may Ignite simntnncoiiHly. On re will be
taken to protect powder from excessive tcni|icratnre and moto-
fnre, na mu-li conditions bidden dccomimKltloii. It nlwaya must
lie protected from the direct rays of I be sun. If powder become*
wet or damp, or If Iliern Is any reason to suspect that It has been
exposed to molMtnrc, It will lie segregated from other powder
mil II It haa been found satisfactory by stability testa When
leaking containers am discovered an examination of the contents
will bn made for the odor of discomposing powder and the evolu-
tion nf reddish fnmrs. If any anch condition la observed, the
powder will lie segregated or disposed of in accordance with
pertinent Ordnance Hold service bulletins.

o. Powder will always be stored In containers, but should
powder be spilled or powder dust accumulate. It will bn removed
Immediately, as loose powder nnd powder dust are dangerous
lire haxard*. Dragging powder boxes over smokeless powder
grains has been Ihe cause nf serious fires. Extreme care will be
taken to guard against powder dropping Into cracks nnd crevices
or lodging In placea where It may remain orer a long period of
time without being detected. It Is believed that many fires have
occurred from this cause.

r. In opening containers or n»|Mlr|ng damaged Imxcs contain-
ing smokeless powder, safely tools will IK* used, and If powder Is
being repacked. Ihe floor will lie covered with Inrimullns, and
safely shoes will be worn.

SEPARATE LOADING PROPELLING CHARGES

Oratnil——.
Pnrklnir ami
llnmlllnit SIM! uhlpptnR.

Mtilnlennnc*—...—_—___„—..______________„_ 100

00. General.—it. The reputation!! for wnnrnle Inndlng pro-
lielllng Hinrgr* nre slmllnr to tliosf for bulk Kinokeleft* powder.
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Propelling rlmrgeN conlnin blnek powder Ignition 'chnrgeti, Imt
bemiiKe thin hliM-k |mwder chnrgn In protected by Hio cloth bug,
niul the nmoniit of hlnrk |«IW<|IT In thn Igniting clmrge IN rrlii-
lively miinll, lh» conlrolling fnclor In prcwrlhlng ninilnllmm for
Klonigi; nnd linndllni; In Ihe Himikeh-ttt |N>wder content. Ddnlhi
of I ho vnrloiifl lyiien of rluirgcn nre Mhown on Onlnnnce drNwIngfL

6. A lot of pr»|iclllng dmrgefl consist* of all those mnde from
one lot of powder, nnd the lot number la the name aa the lot
number of the iiowder. ThiM It mny be poaalblc to have In Ntor-
ago bulk powder nnd propelling charges hearing the anme lot
nnmlier. Hi« Identity of all propelling charges In a lot must
lie earefiilly maintained as each lot haa certain characteristics,
•nch aa the weight of charge, which an different from all other
lota.

a. The regulations regarding flrea and safety precautions arc
the same aa for smokeless powder In bulk aa contained In sec-
tion X. However, If propelling' charges become damaged In
such a manner that the Igniting charge has been broken, the
propelling chnrgn will be hhndled under the safety regulations
prescribed for black powder.

07. Pncklng and marking.—a. The standard container for
all separate loading propelling charges or sections of propelling
rtisrgrs, with the exception of those for mobile artillery weapons,
to an airtight, cylindrical, metal container designated as a car-
tridge storage case.

ft. The standard container for propelling charges for separate
loading mobile nrllllery weapons to a slip cover fiber container
nf the type used In packing artillery complete rounds for one
or two charges. These containers are similar In slim to the
metal containers formerly used In packing these charges. Since
these containers arc not absolutely airtight, they are not pro-
vided with teat holes for making air tests. Propelling charges
In Oner containers arc shipped In packing bundles of three con-
tainers each, the bundle acccsoorlea being similar to those used
for packing complete rounds of certain calibers. Holes are
lirovldcd In the end plates BO that each container may be silt
for Insertion of methyl violet test paper. Fiber containers may
be received with each fiber tube Inclosed In spiral-wrapped, steel
reinforcing tubes.

a Bnrb metnl container Is lined with heavy paper. The base
ends of all charges and sections of charges, both ends of single
section charges ami top ends of tipper section In each case an
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protected with n rlolli nml felt Igniter |irn|rclnr rnp. Borne
Igniter protector cap* nri< filled with nil Ipn of webbing which
extend In (he I mi nf I lie container. They are nmil lo draw the
charge. «nil of I he <tniliiliier. Metal iinilnhierH nre usually
{minted gray wllh hlnek H|IIH-|||IIR. I'onlnhicrM In which Igniter*
or empty charge bag* with tenders arc imckcil are usually
(minted gray HIM! *frl|icd with ml paint

rf. Knch prniiclllnft charge nml each section of n propelling
charge has stenciled on It, or <m n linen INK firmly attached to
It, the data nccewnry for Its Identification nml proper me. It
Is the present practice In dye wllh n*tl color that part of the
profiling rharire Img which cimtnlns the Igniter of Mack powder.

08. Handling; and shipping;.—1'rnpefllng charges are shipped
In the containers In which they were originally pnckrd. aa then
comply with Infcmlnto Commerce Commission regulations.
Propelling charges will lie handled with en re. an rough handling
may open scams In the container or loosen the covers. Bhlp-
mcnts which are received In a badly damaged condition will be
n>|mrted In detail to the Chief of Ordnance, and the content*
•if damaged container* will ho examined carefully for moisture
or other plgiw of deterioration Itefore reimcklng. Hvery ship-
ment received In metal containers will he promptly anbjected
to air test*. Proiiclllng charges will not he exposed to the direct
rays of the mm for any long period of time. Charges which
cannot, he placed promptly under cover will he protected with
tarpaulin* placed ao that air can circulate through the pile.

90. Storage.—a. PriqicllInK charge* picked In metal con-
tainer* which are protected hy wood top* or crates will lie ntored
MI (hat I he container* can IK- readily alr-lcstcd. Crates and wood
lii|M removeil from container* will lie retained and stored for
fill nre use, hnt not In the ningnr.lne with the propelling charges.

b. The method of ntnrlng propelling rlinrcen In flbcr or metal
<mnlalnera la nliown on nrtlnancc drawing*. Thene will he fol-
lowed when nnw Hli«-k la Mtoreil, or exlntlng utock In replied.

0. If propelling charge contnlnera are crated, the cratcg will
ho removed liefore the |»ropclllng chnrgwi nre atored. Fiber con-
talnera ahonld he lnx|iected vlxually to determine that their con*
dltlon la miltahle for atoragn.

100. Mnlntenanc«.—a. All metal cartridge storage caxea are
fitted with text holi* and ping* *o that they can be air-tented for
llghtne**. Rvery metal container In which profiling charges
arc stored will he alr-tcotcd for leak* when It la received or
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when It I* anhjcctcd to handling or moving, which may cauae
Irak*. Alr.leMlMg will be donn with the «ppar«tn«t deacrllied on
Onlnanco drnwlngn, or with any almllar nlr-leatlng device, ex-
cept Hint molor-drlven air coni|>reMjoni will not bn taken Into n
magaxlne In which cxithmlvca and ammnnllh»n are stored. A
pretisiiio of :t to 5 |MMinda |H>r Mpmra Inch la used and h:nkn
are detected by noting the variation in the reading of the
gauge attached to the alr-teatlng apparatus. All containers
which are leaking will be repaired, or the contents thereof wilt
bo trannferred to serviceable airtight containers. Leaks due to
defective covers and gaskets are readily repaired without remov-
ing tho contents of the container, but leaks In other parts of
the container require the removal of the contents before repairs
tan be made. Damaged containers'will not be repaired In a
BtagaBlne. This work will be done In • nearby empty magaxlne
or In a repacking room or building. The amount of powder st
or near repacking or repairing operations will be limited to that
In one open container and four closed containers. Safety tools
will be used In opening and closing containers. After repacking,
each container will be air-tested before It is placed In storage.

6. Defective covers and gaskets may bo replaced without re-
moving the container from the nTagatlne In which It Is stored, but
precautions will be taken to guard against sparks which might
cause flre. '• '
' o. Personnel assigned to air-test Ing1 work will be familiar with

the characteristics of decomposing powder. They will examine
eaeh container opened for air-test for the characteristic odor of
decomposing powder or the evolution of reddish-brown fumes.

4. Metal containers may rnst, so they will be repainted when*
ever such action la necessary to prevent farther deterioration.
When contnlnera are repacked or repainted, the markings on each
container will be reproduced completely. Containers will not
be repainted In n mngnilne In which explosives or ammunition
•re stored.

e. Propelling charges packed In flber containers are not sub-
jected to air tests except when they are repacked. Because of
the manner In which they are protected during shipment there
should be little tendency for these containers to develop leaks.
If aber containers nre damaged no attempt wilt be made to re-
pair them. Their contents wilt be transferred to serviceable con-
tainers.
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101. General. — n. ItcmrlptlniiN of I ho vnrloua klndn of small-

nritM ammunition will hi* found In appropriate Held and technlcnl
manual*.

Ik. Tho shte of M of small-arms nmniiinlllon In determined hy
the quantity which limy IK* mninifiiftnred conveniently, inspected,
and tested under uniform conditions. An acceptable lot must
exhibit uniform characteristic* In acceptance twin. It may vary
from a few thousand lo a million rounds, Imt averages approxi-
mately IVKMX)0 rounds. AH curb lot linn definite characteristics
Ha Identity must !N> maintained. A lot number once assigned
remain* unchanged until Hie ammunition IM exiiciidcd.

r. All small-arm* aiiinmnltlim t* not dlvlth*d Into loin. Ciillher
.22 ammunition and oilier types may not have lot number*. Lot
numbers for shotgun shell an* designated an tat 1. Ixit. 2, etc.,
followed hy Hie year of purchase.

if. The term "iiirtrldgn lot" an well an "ammunition lot" ban
hern lifted at time* to Identify nnall-arma ammunition. The
latter name I* preferred. The rarbmn nyiitemn that have been
n*ed In designating ainmnnlllon Iota of mnnll-armn aminnnltlon
are denrrllN'd In ii|it>llnilile terhnlrnl regnlnlloim.

108. Grades.— a. Lola of rallher .80. rnlllHT .45, and (iillher
.HO nmniiinlllon dexlgned for target praellii* or rotnbnt. imc In
ulandard wrvlcc weapon* are amlgned to grariea representing
degrren ot nervlceabllll.v. Tim grade* are ilelennlned hy bal-
IMIc tefila, aiirrelllanco tesln, and re|H>rlN of iierfonnanre from
the using arim ami Hcrvlc**. Asslgnmenl * lo grade* nnd change*
I herein are mnde hy (he Chief of Ordnanee. A grade In nmially
aligned lo an entire lot. however. (Hirllinis of the came lot stored
under different <tindlllon* may develop ilefectH which would not
apply to Hie entire lot. Different gradea soinellmea may lie ealab-
llshed for pnrl* of lot* at different plnccs. lingraded iinnniinl-
tlon will not be Issued or used fur any |Mirpo*e, but will be re-
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ported to Hie Office of the Chief of Ordnance. The grade* of
aniinnnlllon are nol mnrkcd on packing boxen or on Hips Inside
Hie box ; I hey are found only In Ordnance Held service bulletins.

b. Ammunition which I* not used for target or combat purpose*
is not ordinarily graded; but special tests, both ballistic and
inrveWnnce, mny he. ordered by the Chief of Ordnance If at any
Hum nnc.li animiiiilHon np|N-nrs to lie unfit for storage or Issue.

it. The varloua grades to which lots of caliber JW ami caliber
.45. small-arms ammunition are assigned and described In Held
service bulletins and Army regulations.

103. Packing and marking.—o. Small-arms ammunition Is
packed In wooden boxes, practically all of which have metal
liners. Kach metal liner Is made airtight and tested after It Is
packed. It should remain airtight unless subjected to rough
handling. Moat aminnnltlon In packed In boxes which are made
In accordance with Ordnance; Department drawings. Other
types of boxes are In use but will be discontinued when those
now on hand have been exficnded. Cartridges are packed In
container* In accordance with the methods described In appro-
priate technical manual*

b. The detail* of marking and painting of small-arm* am-
munition containers may he obtained from the technical regula-
tions governing small-arms ammunition.

104. Handling and shipping.—a. No restrictions other than
proper description, packing, and marking are necessary for the
shipment of ranall-arma ammunition. Small-arms ammunition
offered for shipment alway* will be packed In clips nnd bando-
leers, or In pasteboard cartons, before It Is placed In wooden
or metal containers.

b. No lot of small-arms ammunition will be shipped from an
Ordnance storage depot unless it has been examined within 1
year for visible defects ami found satisfactory for Issue to
troops.

105. Storage,—a. Small-arma ammunition Is not an explo-
sive hazard In storage, although under adverse conditions of
storage It may become a flrc hasnrd. With reasonable rare in
storage, and under the surveillance, prescribed In these regula-
tions, small-arm* ammunition may be stored safely In any
weatherproof magazine or warehouse. In small quantities it
may be kept In a barracks storeroom. The conditions most
likely to nlTcct small-arms ammunition adversely lire dampness,

I1R9SO'- 41——7
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Inrk of vent tin I Ion, nnd extreme liont such as might lie obtained
In MnrhiR near alenm pljuw. If HH> nlmonplierc Is damp or
niumnil IcnurralureH are i-xprrlewwl. Invent of INIXCH will ln>
Kcimnitcd h.v diinniice In |KTwl| free elmilnllon of nlr. Amniu-
nitl<m will IK- {illiil liy lot, iind each pile will lie placarded to
nhow readily the nminifiiHiin>r, lot, cnllhcr, nnd grade of the
flnimnnlllon In each pile.

ft. Bmnll-nrms nnnnnnlllon In containers Is piled nnd arranged
In n magazine In accordance wllli Instructions net forth in Army
rcgnlatlona and on Ordnance drawing*.

106. Maintenance.—a. Maintenance activities In connection
wllli small-arum aniinnnlllon Include rcpalra to damaged con-
tainers, repacking, rcsoldcrlng, and air-testing containers. Lot*
of ammnnlllon which conlnln an excessive nmnlier of visible
defects are mirteil to reclaim ammunition which Is still satis-
factory for Issue.

ft. When damaged containers are repaired, or small-arms am-
nninlllon la repacked, the metal liner will he aealed to protect
HIP ammunition from deterioration. The npimrnlnn used for air-
lent Ing MinokeleM (Mtwdcr contnlnera will IN- nw<d If more anllahlo
eqiilpmpnt la not arallnhle. A prosmirc of apiiroxlmately 2
pound* per rqnare Im-h will lie nmnl. If the cover of the metal
container Is dninaecd, or l« «lllllcnlt to rcsoldcr, new corera will
he rcn.nl*ltloncd from HH< Chief of Ordnance. Ammunition will
ho reimcked In the mime ninniicr an It wnn originally imcked,
nnlcM the Clilcf of Onlnnnce IKSIIOS Ritcrinc hml met Inns to the
contrary. The Idpiillty of the amniniilllon will he maintained
carefully hy lot, and the marklnga on n ropnched container miMt
lie a facalmlle of tho^e on the orlRlnnl conlnlner.

r. The porting of loin of ammunition which cannot lie lasned
becalm* they contain an cxccwlrc mimlier of rlalhle defccta, or
tlm reclaiming and rcpnt-klnc of the Kcrrlcenhlc nmmnnltloii In
the lota will not IN* nndcrtaken except upon ciK-rlfle InMructlonn
from the Chief of Ordnance. The process of reclalmlnR Derrlce-
alilr carlrldgca liN-lndea all of the o|tcraf Inn* neceaaary to remote,
defer)Ive carlrldgea ami ropnck the nmmnnltlon for uhlpmcnt.
It Involve* removal of the annnnnltlnn from Hie old container*,
culling otit ilefprilvR ronndi, reimcklng wrvlccohle cartrldgea Into
cll|iM, hnndoleern, carton*, etc., and remmllng the metal container.
New carton!', clip*. Imndnleera, covers f«ir metal line*, etc., re-
quired for reimcklng will lie rcipilMll toned from the Chief of
Ordnance. However, where practlcnlilc, the old containers, etc.,

• ••• * •:#'.
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will lie used. When a lot of ammunition la reclaimed It changes
Us lot number or grade only as s|icclflcd In Ordnance field service
hiillclliiM. except thai defective cartridges culled from the lot are
automatically eliiMsllled us grade 8 ammunition.

107. Salvaging.—Salvaging of •mall-arms ammunition con-
sists of reducing the rounds to their principal components, such
as cnrlrldRc. case, bullet, ami propelling charge. The method
employed In bricking down the rounds will ilcpcnd upon tiro
facilities available, and any special Instructions Issued by the
Chief of Ordnance. Since the principal hamrd Involved la that
of flre, care will bo taken to guard against an accumulation of
powder at the hrcaklng-down operations. Floors and benches
will lie kept clean, and powder from cartridges will lie continu-
ously removed from the Immediate vicinity of breaking-down
operations so that In case of flre not more than 1 or 2 pounds will
be Involved, and personnel Will not be exposed to unnecessary
hamrda. Powder obtained from breaking-down otieratlons
should ho placed In standard containers ami stored In the open
under tnrpnnllns or In a shed where a flre cannot enure great
damage. Primers In cartridge cases usually arc rendered Inert
hy placing the cases In a flre. All salvaged components must be
kept separate nntll disposed of In accordance with Army regula-
tions or direction!) of the Chief of Ordnance.

108. Fires.—If a flre occurs In small-arms ammunition, the
greatest hazard Is from flying bullets and cases. However, they
arc relatively light and usually will not travel more than 200
yards. With ordinary rare on the part of the flrc-flglitlng
forces, n flre can be quickly controlled without danger.

SECTION XIII
FIXED AND SEMIFIXED AMMUNITION
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(•niiiiilnlng Hie pmpPllInK clinrp<- firmly nltnched In Hm projectile.
HII Hint Iwth nn> Imiilnl Inln I hi' gun im <UH> mill. Tin- following
nre lyplciij cxnmplcft of fixed ninniiittlHon:

llnxp fimil Kin-11 niiiiniiiillliiii, 'J7-inm. II. R nnd prnHIce Hhell.
A. I*. shot, wllli (rarer ammunition. ;iT-iiitn. shot
Tnliil riiMtt shell, wllli Irnifr niiiniiuillloii, A. O. nnd A. A.

sbi'll.
Unfitted shell ninmunltlnn, 75mm. Mk. I II. R nnd Mk. II

chemical shell.
Shrapnel nmmnnlllon, 7o.inm. Mk. 1 nnd 3 Inch A. A. Mk. I.
I'olnt fniepil II. R shell flinniimlllini, wllli rirtnnntliiR f«w.

Tn-min. M-48 nli«4l.
I'nlnt finml Mlirll nmmnnlllon, with inwlmnlrnl time fuzp,

3 Inrh A. A. M42 II. R. nnd pnicllrc frticll.
Inort limilnl (prnrll«i>) nnnnniilllnn. 75-nnn. miml Umilctl Mk. I

Rlirtl nnd 2.0Ti Inch mdimlllicr willd shot.
ft. ftrmlltxcil nmninnlllon I* nlmlliir In flxrd nnimnnlllnn In

Hint the rmmd H |iwd<<d n* one unit. Howcvrr, HH» rnrlrldRe
rnne In not. rlcldl.v nllnclml or rrlmiM'd lo (In* projwlllc, lint It
In countrnctpd no Hint It cnn !K» rrndlly removed. Thcnc romor-
•Me rnr»rl«l(!«» cnnrn nrc prorldixl whenorer (he propelling chnrip
In zoned, no Hint chnnjrc* mn lie mndn In the propelling charge
jnnt twfore HIP round In lonrtnl Into the mm.

r. Brmlflxrd nmmnnlllon In nloml, handled, nnd nhlppptl In
(he mine innnnrr nn fixed nmmnnltlon. FollowliiK reRiilntlotiB
tor fixed nmmnnlllon nhni npply to nomlflxcd nminnnltlon.

110. Light mortnr nmmanltlon.—a. The typra of llRht inor-
Inr nminnnlllon nlornl nt Ordnnncc enlnhllxhimiits nrc, In gen>
ernl, 81-mm., IW)-nim., nnd il-lnt-li Ironch morlnr ninmnnltlon.
The ninmniilHon lot. nninlier In mnrkrd on tho mwemhly of ench
ly|K> of trmirh wnrfnre nniinnnltlon with the excrptlon of
frnRiiHMilnllon, prnrllce, nnd dninmy hniid grnnndrn. On thexe,
the lot nninlier In printed on n Inlx-l on Hie fllier container. A
lot In dolermlni'd h.v I IIP nnlfornilly nf HIP mnlerlnln nm>«1 In tlie
mnnnfni-lnre of HIP ninniniilllon; liy loiidlni; condlllonn, nral
olhor fnclorn which lend lo mnfce Indlvldnnl rotindn n« nearly
Ideiillcnl wild cnch oilier nn |HWS||»|P. ThlH miitcrlpl nhould be
Idcnllflitl nlwnys h.v the nmniunlllon lot nninlier.

h. Light turn-Mr thcll.—The Hlnndnrd nininnnlHon for the
HI-111111. morlnr, IK)-nim. mortnr, nml n-lnch morlnr iiiiwtatn prln-
climlly of n Btrcntntlnrd projectile fnwd nt the nose end, nnd
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• fin nsspmhly rnrryliiR nn Ignition cartridge and proncllnnt
IncrrniciilH nt Hie hn«c pud. 'I'here arc three type*:

(1) High nrplnHvc nhctl—Thl» typo In TNT loaded.
(2) JYm-ffaa nhfll.—Practice ihcll to londeil with Inert nm-

lerlnl nnd n prnctlce charge, which !• Inclosed In * cloth hag.
(A) BiHotci »ficlt.—The chPlnlenl Mwlt (nmoko) In denerlliril

In imrl IV of thin innninil with oilier Wicmknl Warfare amnninl-
llon.

r. There In nlllt for Imne n certain quantity of 8-lnrh Mk. I
Irench-inorlnr nmrannltlon of the three type* explained above
which dlffern from tlicne In the contour of the projectile, In
being nmenihlcd with boratcrn, nndi In the type of propellnnt
Inrremenlfl nned. /

III. Packing and marking.—«. The methodn of imcklng
flxrd nnd nontlflxod ammunition Are •• followt:

(1) In wooden boxes with or'without metal linen.
(2) In wooden boxen with each round In a fiber container.
(3) (a) In packing bundles, comlntlng of two clover leaf-

ahapod metal ends, formed to hold three fiber containers, held
together with a long carriage bolt

(A) In packing bundles with similar metal ends with an
Intervening two-fnced form to hold six fiber containers.

• b, (1) The standard ammunition for light mortars In packed
completely assembled In fiber containers; In bundles or boxes
similar to the pncking of other complete rounds of fixed ammu-
nition. The 8-Inch mortar, Mk. I, ammunition Is packed In
wooden pncking boxes, enrh containing the required number
of components for three complete rounds and one additional
complete propelling charge. A detailed description of imcklng
and marking will be found In Ordnance drawings, In specifica-
tions, and In technical regulations. • ''"

(2) Ammunition of the 00-mm. mortar In packed In bundles
conflicting of three fiber containers, each container holding six
rounds; ench round In an Individual fiber container.

r. fixed, semifixed, and light mortar ammunition h divided
Into loin when It Is mnnufnclttred, and n definite number Is as-
signed to ench lot. The location of the ammunition lot number
on a round In accurately described In the several technical regu-
lations covering nmmnnltlon nnd Is shown on drawings nnd
Slnndnrd Nomenclature Lint. It there Is the slightest doubt as
to the correct nmmnnltlon lot number, report all marks and
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symbols appearing on the round. The maximum size of n lot
of aniiiiniilllon Is fixed by the s|ioclflciilliins govern I ii|f loading
ami nsseinhlliiR of flxeil rounds nnd Is UMiinlly '.JU.IXIO rounds.
However, Iho nclnnl sl»« of n lot varies nml depends upon fho
stage of manufacture, slw» of iiimiioneiit lots, nnd other factors.

Hi!. Handling1 nnd shipping.- No K|iecliil precautions oilier
limn (how- net forth In Interstate <'iiniinciiv Commission regula-
tions nnd section VI of this manual art; preserllstl for hnndlliig
ami shipping fixed, semifixed, nnd light inorlnr ammunition. It
Is packed In strong mnlnhier*, which afford good protection un-
less the ammunition Is suhjceU'd to extremely rough handling.
II'ixcs which Imve Itcen stored for n considerable period of time
nnd whleh may not Im ns strong ns when manufactured will bs
reinforced with metal si nipping If necessary.

113. Storage.—IT. Fixed, semifixed, nnd light mortar ammu-
nition In boxes or packing bundles will Im piled or stacked in
accordance with Ordnance drawings, flood ventilation to nil
pnrfN of the pile should Im provided.

ft. Thin ammunition nlwa.vs will he stored In wooden Imxes or
In |mcklng bundles, preferably of the same type In whleh It was
packed originally. l<o»sc. rounds of ammunition, or single-fiber
container* with rounds therein, will Im packed In boxen or bun-
dle* before being stored. Incomplete Itnxes of ammunition will
ls> marked carefully so flint they may Im Identified readily. They
will Im stored with the lot to which they Itching nnd should be
placed on lop of (he piles. All boxes containing fixed ammuni-
tion will Im closed effectively, preferably In (he same manner in
which they were {tacked originally. No often boxes will lie per-
mitted In n magazine.

e. To prevent the possible loss of nn entire stock of one kind
of fixed nmmnnllhm It should Im distributed where possible In
two or more magazines, for example, If the stocks consist of
enough CO nun. light morlnr ammunition nnd 70 mm. shell to
fill two magazines, the two kinds will be divided so thnt some
of each will Im stored In each magazine.

it. When loaded comitoimnts of fixed nmmiinlllon nre stored
separately, they will Im stored In accordance with instructions
set forth In this manual for storing fiiftos, primers, adapters,
nnd boosters, etc. The projectiles will Im stored In the same
manner as deserHied In nt*chm XIV for separate loading shell.

m ,
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114. Mnlntennnce.—Mnlntennnce of hnimnnltloti Included the
roinovnl of ruxl, rcpulnlln^, n-piilrliiK puck I UK boxen, nml nv
imrkliift UH> niniiinnlllon whencyer necewmry. Work mwh ns
flint oiiilliHHl nltor<* will not be done In a magnetite wild other
fxplimlvos or nintntinlllun, but will bo conducted In a nenrby
rmply inngnxliM', reimekliig IHHIMC, or room, or In millnble wenlhcr
In Iho open at suHk-lent dlstntin* to comply with Intrnptnnt. qunn-
llty dlNtiinci) reiinlrcinentn, hut In no cnse cltmer thnn 1(10 feet
from nny building contnlnlng explores. The contents of dam-
need cnnlnlneni will be trntuifurred to Mrrlcenbte contnlncra. If
metnl conlnliters nre uocd, they will be air-tented for tightness
when imckert. The nppnratus used for testing rartrldgc-storage
rases cnn he ntlllced for this purpose. Containers which are
opened for sampling or Inspection will be resoldered; or It fnclll-
llfs are not nrnllnnlc for doing this work, they will be senlcd
wltb tnne. \Vlien nmnmnltlon or containers are rcpalntetl, care
will bo taken to reproduce completely all markings.

115. Renovation and salvage.—t. Fixed ammunition which
has deteriorated to such nn extent tbat It Is necessary to replace
the fuzes, boosters, shell charges, or propelling charges, will be
renovated or salvaged In accordance with specific Instructions
furnished by the Chief of Ordnance. Borne special facilities are
necessary so that the work may be done with the minimum risk
or hnrnrd, and so thnt serviceable components will not be dam-
aged. Itomhproofa or barricades used at operations for removing
boosters, melting units for removing the shell filler, sand blast-
ing nnd pointing equipment nre some of the facilities required.
Adequate, safeguards ngnlnst Are and accident always will 1m
provided, arid the work will lie done In an area isolated front
mngaclnes. Intraplnnt quantity-distance tables will be strictly
observed.

b. When fixed nmnmnltlon Is salvaged or renovated at ord-
nance establishments under Government contracts the contractor
will secure the approval of Hie commanding officer of the ord-
nance establishment concerned for the equipment, methods,
safety precautions, and amount of explosives or ammunition In
process which he proposes to employ.' The area In which the
work Is to be done will be selected by the commanding officer.
When work Is started the commanding officer will make fre-
quent Inspections of the work in progress and will take such
steps as urc necessary to correct dangerous conditions, enforce

• ,r

$$fe

fF4V.:s-v?.jv$mm-
• . . • .1, •.'*..<•'.••;



#»''•»•., •••«! j*«!*».» •

•« '*a-'•f-.rlt•m

100 OHII1SMWK KAKKTT MANUAL

wifely riilcx, unit mifi-ennnl Ills cslalilMiincnt. Applicable, re-
i|nlrcinciilN for Iliii iiinnnfiirliirn nf nilllinry explosives nnil am-
tntinllliiM conliiliicii In jMirl III will In-compiled wllli.

11(1. Fires.—«. Mnii In flxiil nniinnnlllun nm lint likely In
nniir unless dclerloriillon (HIM pnxvcdcd In micli n slngw Hint
iqtonlnncou* Ignition Inkes pliice, or burning «>inlH>rn or healed
shell nm pr«ijccl«-d Info I lie iiniKiixInc from nit adjacent lire. If
n flre tliM<n orenr In n miiKiiKlnc In which fixed nntmnnlllnn Is
stored, every effort will lie made. In light (lie Urn, nnd the mnga-
•Inn trill not Im abandoned milII HA IM evident thnt the flre cnnnot
he controlled.

b. A lent wild niiiile nt Alicrdecii Proving Oroiiml In 10*J2 which
dhows the rcmilln Hint inn.r he expected when Used nmmnnltlon
hums.

(1) The nntninnlllnii tn>ed In thin lest consisted of 512 boxes
(1008 complete round*) nf TH-mni. II. R shell, Mk. I, pjicked
nine In n box, with round In n fllN>r conlnlner. Thin innterlnl
was evidently In tlm snnie condition ns received from overseas,
nf the ahlpnwmt constated nf rounds from :il different nminiinlllon
loin. All Hie shell were Itmded wllli TNT.

(2) The nniinnnlllun tvim xtnckcd H IMIXCH hlicli, 8 Imxen IOIIK,
nnd 8 INIXCM wide, innkhiR n pile nlNint 10 feet high, 25 feet long,
nnd 10 fret wide. The wlndwnrd end wn* sprinkled with nhont
10 gnllonn of kerowne nnd n flre wnn kindled nt thin end nf the
pile. The lire ftprcnd rnpldl.v over I he eml, top, nnd nldex of the
pile, nnd lifter npprnxlmnlplr 10 nilimtes the flrnt explosion oc-
curred. Unrlng Hie next 5 mlinilc* the cxplonloim were nil fnnn
hnrnlng profM-HliiR clinrces. SOIIN> pnijeclllen nnd cnrlridge OHM**
were thrown high Into HIP nlr nnd fell nt dlxlnncea up to 200
.rnrdx from (he pile. Fifteen minute* nflcr the Ignition of the
pile the flirt Miell drtnnntlnn iirenrrrd; nnd from thnt time de-
tonnlloim liemme Increnslngly freipient nnd honvy. The enrly
delonntloim on used the cndn of the pile In fnll over, ntrnjr from
Hie flre. During Hie |»crlod from 15 minute* In 50 mliiiitrfl nflcr
I lie, Ignlllnii nf the pile, Hie nnnihcr nnd violence of the detonn-
lloim prndiinlly IncrenKed mil II eoiMllllons rcnriiihlcil lienvy nnd
roiiHiiimnn llrlng with lienvy (rims. During thin period Hhell
nnd «he|| frngmenld, cnrlrldRR nmen, c-oinplele roiindn, nnd burn-
I UK |ilcces of IMIXPH were thrown In nil directions. In only n few
cascii did explosions occur when innterlnl Innded nfler being
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thrown from Hie pile. The detonation* were accompanied hy
Inrge humln nf IInine 40 or M) feet high, and dense cloiidtt of Mnck
mnoke. AlMiiit. 50 minutes after I ho Mart of Hie flro It wnn evi-
dent Hint most nf Hie pile Imd lieim conminred, nllhongh them wnn
Mill consldernlile hnriilng material Mattered over lh«» area wnr
the orliclnnl pile. Hxplosloim were qnlle freqnent for another
20 inlnnles, nfler which they grndwtlljr dtvrenneil In fr«piei»cy
until nlNiiit 2 honm nftcr Hie Htart of the flre. 1 Hiring Hie next
hour there were lndlvldu.nl cxnlonlom from 10 to 20 minutes
npnrt. After 8 hours from starting Un flre there were no more
explosions.

(A) Rxnmlnntlon of the nren near the fire showed very little
condniRtllile mnterlnl renmlned. Cartridge esses without pow-
der, mostly bulged, crushed, or pierced with fragments were
found scattered all over Hie area within 100 yards from the
original pile. Unexntoded shall were found over the snme area.
About 2,500 nhell nnd a few complete rounds were gathered np
after the flre. Most of the recovered shell fragments showed
evidence of only pnrtlnl detonation* of the bursting charge. The
complete rounds recovered were mostly In chnrred fllicr contain-
ers nnd were not. mutilated In any. way. In many Instances the
shell or the enrtridge cnse wns found still encased In the fiber
container; one component evidently having exploded and thrown
Hie remainder of the round away from the flre. There were no
large or deep craters, the Inrgcst crater being nhout 5 feet across
nnd about 1 foot deep. , . ' .

c. It Is felt thnt the remilts of the above-described test nre
similar to whnt may be ex|iected from any flre In Imxed shell
ammunition. Kxploslons of propelling charges nnd delonntlons
of shell mny be expected without a general detonation of the
pile as a whole, or of any considerable part of the pile. The scat-
tering of components prnlmhly would lie confined to a compara-
tively small ells to nee from the burning pile.

117. Safety precautions.—Fixed nmmwiltlnn will he handled
with care, nnd It will never he dropped, rolled, or violently
thrown. Boxes of fixed ammunition mny be handled with roller
conveyors, chutes, or trucks, as long as the ahovo iirecantlons
ngnlnat shocks nre observed. Safety shoes nre not required In
handling flxml ammunition, except when It Is being broken down
for salvage or renovation.

.!..
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KMTION XIV

SEPARATE LOADING AMMUNITION
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118. General.—A. In separate loading nmmnnltlnn the primer,
proiwlllng charge, nml fused projectile nn> liindcd Into the can-
lion nepnriitely, or In two or more oitrmllmm. Since the com-
ponents of UK; round Midi as the primer, propelling charge, and
fine aro nminlly imrfcrt! RepatT.tcly, they nre described In other
sections of this manual. Thin section deals only with separata
loading projectile*, fuzed and nnfnxcd, however, the regulations
of thin section aim arc sppllcnlrtc to loaded projectiles from fixed
aiimmiilllon.

b. Separate loading projectiles are of radons types, anrh an
lilgli-pxplonlve shell, nhrnpncl, ami armor-piercing projectiles;
ami may he either ham or imlnt fined.

c. I MIC to Hie larger callhcr, lot* of nc|mratc loading projectiles
arc much smaller In nine (linn lots of flxcil ammnnltlon. Tlicy
vary from n f«%w linndrtnl nninilii to 2O,nw round!). A lot of 1(V
Inrh armor-|ilcrclnp itrnJii-lllcH uniutll.v romtlfttfl of n|iproxlmalrly
liOO prnjpctllrn. tvhlle n lot of iri!i-min. nhrll nmy rontaln H.OOO
to 2O.OOO projectllofi. Knch prnjii-llle In a lot In marketl with
an ammunition tut numlK-r, n-hlch In the IdonHfylnj; numlier that
will lie rrtmrlml whrn dplprlornllnn, dofcot*. or inalfiinctlomi aro
noted. Knrli lot. of wjMirnlc lonilhiR projectile* had certain
chararterlHtlrn which nmke It neccmary to maintain carefully
the Identity (if all nhcll In I In- lot.

110. Pnckfaff and marking.—a. Prior to I IIP World War tho
KPtieral |irarllce wax lo rrale or INIX nil wtwrnlo luadlng projec-
tile*. 'Jtie Mine jirnrllco wan continued during the early part
of the war, lint later It wan determined Hint crating material
wan nndcftlrahlc near the front, and Hint most ly|»e« of projectile*
could lie fmllxfaclorlly lninr|iorted lij- nhn|)ly protectIIIR tho rotat-
ing band* with rope Rrommcla. This method wan followed with
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w>imrate londlnc hleh-cxplonlre fihell of tho type" mcd dnrlnn
(ho wnr. loiter llu> priM.-cilnre wan extended to chemical shell
of Hlmllnr calllicrH. 'I'lic inetliml of Hlilp|itiiR In nncraled con-
dition hnn from time to time hccn extended to Inchnle certain
other lyiicn nml cnllberfl, mich an WIIUQ nea const cant-Iron target
lirojeclllcn.

b. 'I'lie mcthoila of •hlnment for each typo of projectile are
Khown In the nercml Standard Noraenclatura Wuls «!»vcrlnR
ammnnltlon. Shipment of finch new type* of projectiles as
may IKS ndopted from time to time will be nude, In general. In
accordance with the following Imslc rales:

(1) Point fined Kliolr with false ogives will Im crated.
(2) Point fuzed shell without fnine ogives will bare Rrommetii

and cycholt lifting pings.
<:i) ilnne fir/i'd Hhcll with relatively fragile parts such as

false ogives, steel capn, and windshields will, be crated.
(4) Base fuzed nhcll without false ogives will .not be crated

but will have Rrommets to protect rotating bands.
(R) Dummy projectile*, being easily damaged, will be crated.
(0) < font-Iron project lien will IKS fltled with groinmcln only.
(7) Shell with iwlnt dctonndng fates,,assembled thereto will

be hosed. .. . . •
e. All neparatc loading nhell are imlnted a dlntlncllve. color

to Indicate the typo of bursting charge. For example, shell
loaded with hlph pxptoslren, sm:h as.TMT, amatol, or explosive
I), are imlnted yellow, while black- powder loaded shell arc
painted red. Practice ammunition Is painted bine. The caliber
and type of cannon for which the shell Is Intended, the kind of
filler, mark number of the shell, and ammnnltlon tot number,
arc stenciled on each projectile. Tim several technical regula-
tions covering ammunition, and ordnance, drawings and speclll-
cntlons nhonld Im consulted for exact details of marking.

12O. Handling and shipping.—Separate loading projectiles
will be handled with care. The fuse hols always will be cloned
with a suitable ping which protects the threads, keeps dirt out
of the fine carlty, and affords dm best possible protection agnlnst
Are. The rotating hand will lie protected carefully against
damage, such as dents or cuts that may, render the projectile
nnncrvlcenble. Fused projectiles will . be rolled slowly and
with care so that there Is no tendency to arm tho face. iJirge
caliber projectiles standing on their bases will be lowered with

t.\
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enre when It IK desired to |<lnii> them on Hu-lr sides for hnndllng
or storage. Many rnp» mi nriiMir-pleri-liiK project Hen bnve licen
linHieiied li.v fnlhiri* l» observe (hew prminl limn. Mvery effort
will lie nmde to nrnlil Injury to or removal of inilnl from the
Imnrrelet. Kxnillng Hliell will not lie phlpprd unless nil trnrm
iif exndnlo have liepn removed fmni llm exterior. The methods
«f parking of prnJeHiliw In freight mm In prewrlbiMl In lechntail
inn nun H nnil tin ordnance drawing*.

121. Storage.—n. In storing separate loading sboll the fol-
lowing Instructions will be Mrlrtly observed, exeeiit for Igloo
magazines which will lie stored solid In nccordnncc with current
drawing*.

(1) Rp|Mrnlp loading rtioll will lie stored In fireproof maga-
Kirn* »r In magazines which nre constructed with the mlnlmnm
nnmniit nf combustible mnterlnl.

(2) Hie n mount of combustible dunnage In inn^ncliim will
IN* mlnn<i1 Id tlie nlwnlntn intnlmnm, nnd men nnfitm! plioll
will lie filled with n fieri or Iron fiiro liolo plun.

(3) Rhctl up to nnd InrlndltiK 10 Inrhcft In rnlllier will lie
piled In nreordnnce with ortlnnnre drawing*; nnd thr dMniHiii
hrtwcrn pllm n|irrlfli>d on thin drawing will he mnlntnlned
rtrk-lly when the rtiell nrr londeil with TNT or ntnntol. The
rci]iilreiiienln of nnragraiili 30 will lie otacrred. Shell londed
with explosive I) will he piled In the innnner xlmwn on the
nlmre-incntloned drawlntr; lint the dlntnnce Itetwwn pllex need
not he more Ihnn the rtlstnnrp reqiilred for milking rxnmlnnlloiift
of fn«e enrltlen.

(I) Plicll Inrger Ihnn 10 Indies In mlllirr will IMI ntorrd on
their Imscs with nnirnprlnte dininngp lirtweeii the tmnc nnd
floor to pnitert them front moli«ttiro nnd dnnqHierai. Shell
londeil with explwlro D'mny lie alnred In Intlmnle cnntnct;
lint nhnll Inndod wllh TNT will !H> nrimrnted from mcli other
liy n ppnfo pf|iml In the cnlllMT of tho ulirll, for example, 12-Inch
Kin-11 Inndinl with TNT will Im wimrnlcd fmni ench oilier liy n
dlnlnnif of 12 Inclira.

151 When the nnnilier of plietl l» !H> i»lorc»l In n mngnislne Is
lew Ihnn the ipinnllly xlKiwn on nrdnnn«i> drawings I lie reilnr-
lion »f HIP inunlM-r of t--li<'ll In n pile rnllicr tlmn nn Increase In
the dlntnnccR iM-lwcen piles will IK- the llrst rmmldnratlon.
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(0) When Mu*ll wlilrh require npnrlng In plleH to limit lorae*
from mnm detonnllmw nrc stored without Hpnclng, the reqnlre-
ttHMilH «if imragraph .lit will he cnrcfnlljr olwenred.

h. The nbovc requirements arc bnneil on the remillH of n
nunprpliennlTe Rerles of tesln made lit the Aberdeen Proving
Ornnnd with flennrnte loudlng shell, In which the following
Informntlon wnx gnliipd:

(1) An explosion of fthelt londed wllh TNT or ninnlnl iimlil
be confined to one pile If nmnle distances were mnlntnlned
between the piles In the mngnslne.

(2) DlHtnneen lietween piles nt which nn eiplonlon would lie
trnnmnltted Increnseil with the number of shell In the pile In
which the explosion originated.

(3) Alt nhcll In the pile In which the explosion ntnrtn will
explode. Piles should be reduced to the smallest prncllcnble
sice If the effects of the explosion are to be limited.
. (4) Distances to be mnlntnlned between piles to prevent nn
explosion from being transmitted to adjacent piles must be
(renter for shell fitted with die-east white metal fine-hole pings
thnn for nhell fitted with steel or Iron ftne-hoto plugs.

(5) It Is practically Impossible to explode n pile of shell londwl
with explosive D. Kxntoslom an wsunlly of a very low order
and limited to one shell.

(0) Shell should be arranged In single piles with the noses
of the shell In one pile pointing toward the noses of the shell
In the next pile, or with the bases of. the shell In one pile pointing
toward the bases of the shell In the next pile.

(7) The lateral distance nt which explosions were transmitted
was oovernl times greater than the nosc-to-nose or basc-to-bnse
distance.

(8) In connection with the above, It should 1m noted Hint If
piles nre knocked down or disarranged by the explosion of one
pile, or of nn enemy bomb, or any similar occurrence, It is possible
Hint a sntaeqttent explosion will cause a mass detonation of the
disarranged piles.

r. Following Is n brief description of the testa which were
made:

(1) The shell were arranged In piles, one of which was known
ns tne Initiating pile. The purpose was to determine the nose*
to-nonc, nose to-base, biigo-to-nose, and the lateral distances at
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wlilrh detonallona would occur or full lit pile* mljnccnt to the
one In which Hip dcfmiiillon nlnrlitl. The piles were arranged
an shown In (In- following diagram:

(2) The tests were made prlnrl|mll.r with 8-Inch blgh-espln.
dive shell, fitted with adapters, boosters, and steel nose-pings
(type A lifting plug). Tests were made also with 105-nim. high-
explosive shell fitted with Imlli steel and white-metal plugs. Th«
ft-lnch shell were chosen for Ihesn experiments after preliminary
tests mnilo with shell of several different types and calibers had
shown the 8-Inch shell lo ha as sensitive (o delonatlnn fnini an
explosive tram or fragments an olhor types.

(.1) The tests were very comprehensive, as they Included many
different arrangement* «f the idlest, lent* to prove the cflcctlve-
new of barricades between piles, and tests tif shell loaded with
cipliwlrc 1), TNT, and nmiilol. The nninlN-r «f shell used In the
various pllen varied from 18 In 000, and wrlea of testsi were
made In which the Inlllnllnc pile contnlnpil' 18, 48. W, 102, 800,
<1RI, and ADO, 8 Inch idiell, and 101) nnd 820, inn-inm. Rhell. Tim
KumleHt nnnilN-r «if xhell In any «me tent (Initiating nnd adjacent
pile*) wan 1.JBW. The lest* were innde under (inidlllniM which
are prnrllcnlly dnplliiil«*d In mn)tn»;liH>»i.

rf. Bmnlt-nrnis nnimiinltlnn and nxed nmniniiltlnn In hoxcn have
licen iweil nn Imrrlcndes lielween piled of aeparate

projei-tllen. This practice Is no longer permitted he-
of the tire liaxardn It lnlr<HliK>cFi Into maKaKlnea filled with

netmrale hmdhiR rtiell. The IMC of niclnl dnnnnKe, (inch an
channel Iron, In recommended wherever prnctlcnhle, hecanae It
winces the amount of cnmhnxflhle material In Hie magazine,
and aim electrically gronnda the pile of slioll.

188. Mnlntennnce.—n. In reniovlni; rnrt and repainting pro-
iNirtlcnlar attention will he |mld to remoTlng rtwt from

URUNANCK HAKETT MANUAL 107

the honrrelet and fnxe cavity, and to grcaftliiff threada In the
fuze hole. The marking and alenclllng of repainted projectiles
will lie conducted with care, no that the marking on Hie re-
nnlnlcd projectile will lie a fncidmlla nf the original. The re-
placement of markings Is most Important

b. Oily liquids which exude from shell and sometimes form
pools of exndate on the fliwr will be removed, ami affected shell
will ho tagged or distinctively marked so tbat they will not Im
tinned for nervlco use. A strict compliance with this require-
ment In essential, as the exndate Is Inflammable and small par-
ticles of explosive also may lodge In threada In the nose of tim
projectile. More complete Information on the probable cause
of exudation ami Its effects will bo furnished by the Chief of
Ordnance If desired.

e. Separata loading shell will not have rust removed or be
repainted or reworked In a magaclne In which explosives or
ammunition are stored. Work of this natnre will be done In
a nearby empty magazine. In a repacking house, or during
clear weather In the open at sufficient distance to comply with
Intraplant quantity-distance requirements.

183. Renovation and salvage.—Separate loading shell which
have deteriorated to such an extent that It Is necessary to
replace the boosters or bursting charges, or to remove the
Imoslcra and unload the shell for Inert storage, will bo renovated
or salvaged In accordance with special Instructions furnished
by the Chief of Ordnance.

124. Fires.—ft. When the amount of combustible material Is
limited to the absolute minimum, there Is little chance of a hot
fire developing In a magazine, where only separate loading shell
arc stored. Every effort should, therefore, be made to control
any small flrc which starts In a magazine containing separate
loading shell; and the magazine should not be abandoned until
It la evident that the flre cannot be controlled.

5. In a flre Involving separate loading shell, except those
kiadcd with explosive D. stored In combustible buildings the
piles will probably explode, a pile at a time. However, a period
of 8 or 10 minutes will usually elapse before the fire becomes
hot enough to cause the first detonation.

c. The possibility of a heated shell being projected Into a
magaitlne, and then exploding. Is extremely remote, however.
If this should occur, the explosions probably would be limited
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lo one pile, If the fihell are Mured In accordance with the re-
ipilrementH for xpni-lng.

125. Safety precautions.—The n|Htlnl safety precnullons lo
!H> oliwrved In hniMllliig ami storing wimrnln loading shell are
an follows:a. Fine-holes always will lie closed with n suitable plug.

b. Shell will lie protected from tire nnd heat.
c. Shell will IK- handled carefully. They will not lie violently

rolled, or subjected to any kind of rough handling. If fiiwd
projectiles are rolled, they will lie rolled slowly to prevent the
nrmlng of the fuse.

BWTION XV

BOMBS Paragraph
fliwrnl __________.__.___.. ._____________ m
I'nrklitK mill Hiiirklntf.....——..... —— . — —— —— . — —— 1JT
llnmlllni; mill *hl|»|>lnR...———........... ——————— ——— ..— IW
HliimKe ———————.. ———— ... ——— -.......-. —— ——————— 12»
Mnlntrnn mr...__............... ... . . . . . . . . .—————-——— J39
Kfiiiivnllon nml mlt-ipe...— .....—— ——...... — . — ._ 131
Klrmi———__ — —————————-———-——————————— 1W

126. General.—n. Aircraft Immlis nre of the following types:
practice, fragmentation, demolition, chemical, armor piercing,
and Incendiary. A del n I led description will he found In nppro-
prlnte technical manuals, nml on ordnnnce drawings and speclfl-.
cations. Chemical bomhs nre dlwunwd In part IV of this man-
mil. Following Is n brief description of other types:

(1) 1'rncllco Immhn, as the. name Implies, nre used for bomb-
ing practice nnd for the Instruction of personnel. Usually they
bare the same characteristics of form, weight, method of han>
dllng, Night, nnd accuracy, as corresponding service bombs,
Uxunlly they contain sand nnd n reduced bursting charge of
exphmlve. Usually they nre stored nml Issued In the form of
components, as follows:

Kmply bomb bodies.
Fin assemblies nnd fln-securlng components.
Spotting charge, either as n earl ridge, a bag of hlnck powder,

or a unit assembly consisting of n metal container, powder
charge, and fnxe.

Adapter and lioostcr, loaded or empty, as required.
Foxing components, where neccssnry.
The sand filler for the bombs Is added In the Held.
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(2) Vtngmenlnllnn iHtinlm are Intended for use nealimt iier-
Miiinel. Tliey nrn ciinumriitlvely Hinnll In H!W' mid dcslgnnl lo
give maximum fragmentation effect.

(8) Demolition bomlM urn Inleiided for n*p ngalnst enemy
works and flhl|m. Iliey de|M>nd upon n brant effect for I lie
•Icntnictlon of mirli strndiiren. They Imvn Inrgcr hnrnilng
charges than artillery shell of corresponding weights varying
from 100 pounds to 2,000 pounds, or larger.

b. Bomb* ant divided Into lota vnrylng In slfie from oererwl
thousand for the snmllor types to 'a few hundred for large
bombs. Bach Is marked with nn ammunition lot nnmber which
I* used to Identify the lot when reporting evidence* of deteriora-
tion or malfunctioning.

187. Packing and marking.—a. The 'present prescribed
methods of packing bombs for shipment are a* follows:

(1) Fragmentation nnd chemical bombs are packed In metal
tubes assembled In bundles (20 Ib., M41), wooden boxes (26 lit.,
MS), or metal crates containing from two to five bombs each
(80 Ib,, MR). Usually, fining components are packed In the
same container.

(2) One hundred pound demolition bombs am packed In
metal crates, one In a crate, or are pitched as described In (3)
below. The fuses, primer detonators, arming wire, swivel loop,
and one fin brace for the 100-portn'd Mk. IMI bomb will lie
Inserted In n component metal box which will be assembled to
the metal crate. -

(8) All demolition bombs except the. 100-pound bomb are
•hipped without HIM with metal shipping bands to protect thn
suspension lugs, and to facilitate handling. Hn assemblies nro
•hipped separate from lha Immh In wire-bound, veneer wood,

, packing boxes. When shipments nro made to using services f m-
; Ing components are packed In a wire-bound accessory box which
:' to Inclosed In the fln assembly box. In Interdepot shipments,

fining components arc shipped In their respective boxes.
'6. A detailed description of the packing boxes and crates,

Including, details as to slr.o ami con I cut*, will he found In tech-
nical regulations nnd on ordnance drawings and specification!".
Spotting charges for practice bombs normally consist, of n few
pounds of black powder. These charges are stored, handled,
and shipped under the regulations for black powder as con-
tained In wet Ion VIII, with the exception (hat M1A1 spotting

418000'—41——I
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charge* fire not removed from Ihclr IMIXCH lint are slored a*
ri-cclved.

. i: llniiihM, (nicking IMIXCH, nml ernlca fur Itoinh* nro marked lo
nhiiw (he clue, Inl inniilMT, flller, nml other rhnraclerlirtlc*; In-
cluding marking required by InlerMlnle Ominicreo OiinmlRftlon
regulation*. The imlnllMK nml marking of null Ijrne of Immh
nnd UN pm-klng bnx »r rrnle. am dcw-rlbcd In nwillcahte Iceli-
uli-nl rcgitla (limn, llninli (nicking boxen, which iiiiilnlii fiiws, or
prlmcr-dcliinalnr* may |N> mnrkcd wllli a nlrlfio of ml pnlnt
In nlinnr Ihn lucnltnii of HIP' fnw>, or iirlnirr-ili'liHialnr.

128. Handllni; and shipping.—Mmnbs will Im liniulliil wllli
i-am anil |irodrl«-<l nenliifit uliock. Thtmrt xhliinnd without bnxcfl
iirrniliti will liavn the fitm-huli* In IIw- now nml tail rloiwd with
millaltle pliw». I'rnjivlIIIR IHRB will IK* proto<-fcil nftaliMt «lnmaR«>.
IlmnlM will not to uhlpiiitl wllli tlm iirlmpr-dctonalor In |ria«>.
Fin nwwiulillrn nlilnnml w|mrn(cl.v or atlnchr«l to bombs will be
prolrctrd mrofnlly to prevent damage.

120. Storage.—n. (1) In aim-Ing, a dlsflnrtlon In mniln Im-
Iwiwi rniRnHMilnllon nnd dpnuHIIInn Immlm. FrnKmonlnllon
bombs, wlirii pnckiil In wooden hnsiw Ilkn llxinl aminiinlllnn nn>
not likely to detnnnte en mnmc If a flre nrciini In Ihi;

(2) KrnKiwnlnllon Iminln packml In inotnl eralra are (
llhle In mam di*lnniillnn and must Im Mlnrcd In a manner similar
to that npwlflo«l fnr dpmnllHnn bnmlM.

6. DfimilHIcm lininlm bavn vi-ry thin walla. Tlioy are rcsardwl
aa nne of llm immt haxurilniM l.v|nfi of nmiiiiiiillhin Imranw; of
tholr ((•iidiMiry In iMnnntn rn ninfan If a tiro nrmra or n
healed fragment In projcrlcil Into Urn mngnr.lni> In which they are
atnml. One of tlm most dlMn*trnna rxploxlonn on rorord origi-
nated front a flre In a ningnxlne In which wan alnretl a large
number of di»mnllllnii iMimha paekeil In Imxi**. No feaalblc way
of apnaraUng IMimha or Imrrlcadlng |»llos of htmilm In a magazine
In rifluco the hiiwinl of mnm di'lnnnllnn Ims ln<en fonml. Rafely
ran be oblalnod nnlr br ntlncliiR (he. nowilblllly of flre In nil

nilnlmnm. Month* Klionld lie nlored In fireproof maga-
without rombn<tllhle dunnage.

r. To inlnlnilKf* Urn fln> hnxiinln, demnllllnn Imrnbii which may
lie packed In w«j«nlen Iwxc* or rrnles will lie removed Ihcrrfrnm
iM-foro Morlng. Sleel dunnage I* preferred and will Im lifted itn-
lewi limirnclloim to lh« ciHilrary arc Issnwl by (he Chief of
Ordnance.
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nml prlmer-delonatora miiNt not lie parked wllli hnmhn
except In (In- CIIKC of mvlal-craled J(W-p<niinl liomliN. Pnnw nml
prlnier-tlelonalora may be Htorcd with 100-|mnnd iMimliM In Igloo
mngnftlnca.

d. Demolition hnmha will lie ao piled that fmm cavities can be
readily limprotcd nnd vMhlealgiw of exmlnf Ion detecteil. Itomba
wllli flit an«cmlillcN ntlnolHril will bo piled carefully to avoid
damngo to flu awembllcs.

c. llotnlm will lie al<m>d In thoaa mngnxlnen which offer Ihfl
best proleellon ngalnat flre and mlwllea. Approved, arch-type,
earth-covered, concrete Igloo magaclnes will lie used If avallnlile.

/. Ilomha In atorage will not be fu«ed or fitted with primer*
detonatora.

ISO. Maintenance.—Maintenance activities Include removal
of runt, repainting, remarking, removal of exndate from the
((onion nnd floors of the magazine, and repairs to containers.
The removal of mat and repainting will not be done In a
magazine In which explosives or ammunition are stored; but
IhcKo operations may be conducted In an empty magazine, or
In suitable weather In the open at aiifllclcnt dlatances to com-
ply with Intraplant quantity-distance requirement*, but In no
case closer than 100 feet from any building containing explo-
sives. Exndate Is a dangerona flre hazard and will bo cleaned
from bombs nnd floors of magaslncs. When bombs are re-
painted the painting and marking must be a facsimile of the
orlglnnl painting nnd marking.

131. Innovation and salvage.—Hombs will not Im renovated,
anlvnged, or mndlllod except with tlm specific approval of the
Chief of Ordnance, who Issues the necessary Instructions for
the performance of such work.

132. Fires.—If n flre occurs In • mngaslnc In which frag-
mentation bombs are stored In boxes, It Is probable that the
liombs will detonate Intermittently like fixed ammunition. If
a flrc occurs In a magazine In which demolition brnnba or frag-
mentation liombs In metal crates are stored, It Is almost certain
Hint n mans detonation of the bombs will occnr. Safety from
mass detonation of bombs lies only In preventing fires and by
reducing dunnage and oilier combustible material In the maga-
zine to the absolute minimum.
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XVI

FUZES, PRIMERS, BOOSTERS, AND DETONATORS

OrnrrHl
I'lirmrrnph

- —— 1M
mill mnrkliiK-. ............ —— .. .. ——— . ——————— . ——— 1.14

llNHilnn* HIM! •hlppln*. ... —— - .......... — ...... ——— — 1W
Hli.ritE"... — ... —— .... - .......... .... . . —— ..... —— ... I-'WI
Mnlnli-imw _ — .... ——— ...... . —— — ............. ———— 1ST
KcnuvHtlnn nmt Mlrnxi>.._.. . — .. ........ — . —— .... — .. I'll
lln«rl|itlnitN nf crnitpnwnlN ———— ...... ———— .... —————————— 13»
MM* _____ . ___ ................ ......... ———— . —————— 14*
Bnfrfr prr«*iill<in*._ ——— . —— ........ — . ————————————— Ml

133. General,— a. Pnr.es, primers, Imosters, primer-detonators,
nml Hlmllnr loaded component* form a distinct clam of ammitnl-
Ilim whoii they nra not assembled to or packed with projectile*
or iNimhs.

ft. Loaded romimncnta are divided Into lot*, and always will
be Identified by Int nnmlier. The ftlse of a lot nmiallj varlea
from ri.WIO lo 25,fXX) roni|NinenlN and Is deppmlent upon the alage
of ninniifnrhire ami oilier fartorn. Knch lot la mndc and tented
under uniform ciindtlloiM and Imti ccrlnln eharaetcrlstlca which
require that Hie Identity of alt rnmimncntii In the lot lie carefully
maintained. AVhrro practicable, Hie lot nnmlier Is nlnmped on
the cnni|NineiilK, but It nlwn.vn npiicnra on the mtitalneni In which
they are packed.

134. PnckJnj and marking. — a. The, practice with rcfl|icct
to imcklnff of HIONC loaded coni|H>m>nla which are paekixl acpa>
ralely fmm Hie ammiinlllon or bomb* with which they are lo
lie lined, dlirera from one conuMinent lo amilher. de|icmlliiR upon
the character »f Hie enni|ionenl. 1'rovlslon la made for the pack-
I HI; »f every Item of Ixsue to Hie Held, and for the Interplant
fthliiiiiont of all I'nnh'd mni|icmciiK In mime canca In the iw«l
artillery fintca hnre been Hlil|i|N*d In wooden Imxea provided with
hermlllcally ncaled metal liners, and traya for aii|i|iorllnR the
fnwii. In other (tiscs, fnw^ were Mhl|i|ie«l In Imllvldnal metal
ccnlalnera. Th«-w pracllcea will he continued, except that filter
Inxlcad of Indlvldmil im-lnl ctinlnhiers will lie nxcd. Bomb fneeii
which contain mi cx|tloslvc» were (Nicked In wooden boxca with-
out metal liner*, with Hie fnzcq mi|i|H>rtcd In Iraya to arold their
ulrlklng together. Ilnmh fiifrs of more modern dealRii, con-
lalnlnK exiilimlve coniimnentN, will lie nhlp|ied In Indlrldiial con-
talncra within wmiden boxes. Prlmcin Intended for amcmbly
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Ihlo cfiinptolc rniinilM of ammiinlllon are |mck«>d In inner carton*,
waterproofed hy dl|i|iliig In jmrrafnii, wllhln licrinetlcally aivled
iiM'lnl HIHTM, In WINMHMI Imxea. Prlmera for aeimrale loading am-
miinll Ion— that Is, for toiio to the Held a* primers—are packed In
Kiiuill metal IHIXCB within wooden boxea. Adapter-boostera for
iMiinliH ntid adnptera and iKNWteni for artillery ammunition nra
imcked In traya within unllned woden boxea for ghlpinent to
loading plantfl. For detailed Information regnrdlng the method
of imcklng each tyiw of component reference ahonld be made lo
Hie proper drawing.

135. Handling and ahlpping.—«. Ijoadeil conqHinenta oflTeml
for shipment will be anpported or w packed In containers that
they will not strike against each other. If the containers In.
which the components, were originally packed are not available,
boxes and trays which will Insure protection against shocks and
rough handling will be constructed. All loaded component*,
even when properly packed, will be handled with care. They will
not lie thrown or dropped on the floor or on other containers.

6. The painting and marking of components and their con-
tainers arc ahown on ordnance drawings and specifications.

136. Storage.—A. Components will be stored with the tons
of the taxes up. Storing of all of one type In a magaclne should
be avoided. If possible, because a flre or an explosion may result
In the loss of the entire quantity. In no cane will more than
150,000 fnces of any one model nor more than 1M.OOO of all models
bo stored In a single mngailne. This prohibition does not apply
to grenade frntes, which are Included In class 8 of military ex-
plosives and ammunition, with primers, detonators and like
components. All boxes and containers opened for Inspection will
be resealed. They will be piled In accordance with ordnance
drawings. Incomplete boxes will be marked plainly for Identifi-
cation and placed on top of the piles. Open boxes of loaded
components will not be stored In a magaelne.

ft. The storage of class 0 fuzes will conform with the require-
ments of paragraph 80.

137. Maintenance.—Maintenance Includes repairs lo con-
tainers, sealing, and air testing of containers which have been
ofiened for Inspection. Containers opened for Inspection will he
remildercd or effectively resealed with adhesive tape. No work,
mich as removing runt or repainting will be done except by specific
direction of the Chief of Ordnance, who will furnish the necessary
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ItiKtruclliiuK. Container* will not lie n|icncd or repaired In a
mnftnxlne ninlnlnliiK i-xphmlveH i>r iiiniuitnlllnii. Thin work will
IN* done In n near-by emiMy iitiiinir.lnc, In n rrimrklng room, or
ihirhiK Hear wrnlher In I In- »|N-II nl Min>lciil. distance in comply
wllh Inlrnplnnt. «|niinlH,v-dlnliinii' rennlrenienlH, lint In IMI case
Hiwer limn Km feel, from int.v hnlldliiR containing exjiloslves.

138. Renovation and salvage.—limited component!! will lie
renovnfi-d, salvaged, or modified only In nci-ordnncc with *|tcclfic
Instructions furnished Ity Hie. Chief of Ordnnnec.

139. Descriptions of components.—Hiwrlptlnna of eom-
INincnt* such as fnws, |MH»M»ITS. nml prlnicrn will he found In
fl|t|>roprlnlo tcrhnlcnl pulillcnlloim.

140. rireo.—«. TI>M|I* inndR at Atontrcn I'rovlng Ormiml
with pllon of fur-im In IHIXCH nlmllnr lo mnRnr.Ino piled showed
Hint In CHM> of fln> fitwit will dHnnntn n Iwx at n time. Mlmllcii
nn> lleht ami have a vrry llmltpd ranpc, iisunlly not over 200
yard*. An atl«*ni|it ohoiild lie Hindu to put out n lire which oc-
cur* In n inneaxlnp In which fun* nrr slorcd. If the flrc can-
•Hit. )N> rnnlrolliit, the nmpixlm* Blionld lie nliamloned ami the
cITorls nf tin* llrr-flKhfliiK fomw rtmllni-d to protcclltiR adjacent
inaicaKlnrN. IVrwiiim-l llRhlliiR I he lln-B chnnlil Kwk mit-h rarer
as In nralhilile, or prolwt llH>in*>lvrK nKtiliiRt inlwllcfl hy lying
flat nn Urn Kroiiml.

1. When primer* In wnlrd contnlnerM and wooden IIOXCH are
anhJeHeil In fire they iixuiilly explmlo a box at a lime. There
an> no reronlfi In Hie Onlimun- Deimrlmrnt which Imllealc I hut
a man* explosion IN lo IH> cX|MTl«-d when prlmpra am packed In
Ihl* manner. Kvery effort phould IIP nindc to control a fire
which Involves prlmerii. The nhorc, however, doea not ap|riy to
prliners which hare liccn removed from Ihclr conlnlnem and
nre In Inllmnle. rnnlnct with each other. Under mich comlltlom
II IH known definitely Hint mnps ox plosions occur In cane* nf lire.

r. When imcked In IMIVOP, nioMt of Hie smaller lyjirs of adapter*
ami Itoosler*. wicli UN Hie Mk. Ill HIM! Mk. III-A, explode n Iwx
at a lime. Borne »f the Inrcer »>|)es of iMxisler*, however, mwb
a* Hie. Mk. II. Mk. IV-II, Mk. VI-II, nml bomb bonfttera, may
detonate In iinniilltleN of wveml Imxes nt one time. Uminlly the
nilmlleN formed nre ItRlit, have a limited range, and the flre
ummlly enn lie cnntrolled nml prevented from afireadlng to ad-
jacent ningnclm*.
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141. Safetr precautlona.— PUKCII, prlmera, hnmtcra, and
prlmer-iletoiiiilorM are lomled with cxplonlveN which arc aenalllvo
to >tbi>fk and f rid Ion. Componenta of Ihean lypea are minnortcd
In Irnya or rack", lo protect them nicalmt ahocfc, hut Ihejr nnrnt Iw
hn tidied wild cnre at all times. The covers of wooden Iwxca for
Ihemt comiwncnts uro funlened with acrcws. Malta will not be
UM!d.

8i«rioN XVII
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I'nrklnR mil nmrkliiR ___________________________ 143
llnmllliiR nml ultlpplnR ________ ' _ ; _______________ 144
Mnraeft _______ ____ ____ i.. __ . _ ........ _ .... _ .. _ . 14B

tutetf pm-nnllonii _________ ,. _ ..„....„.„._..„.. _ ... 14S

149. General.— a. Pyrotechnics for military nao are divided
Into two general classes: Illuminating and signaling. These two
chisnes arc further snhdlvlded Into pyrotechnics for ground
troops and aviation pyrotechnics. Pyrotechnics are described
In technical regulations, on ordnance drawings, and In qwdflca- .
tlona • . .

b. Pyrotechnics nre divided Into lots which represent n definite
quantity that haa been manufactured and tested under uniform
conditions. The lot number usually appears on the Individual
pyrotechnics and on the containers. , ,

143. Packing and marking. — Pyrotechnics are packed In
metal-lined or nnllned, nailed or . wire-bound wooden boxes.
Those In nnllncd Imxea am packed In Inner containers consisting
of scaled corrugated board cartons, cylindrical finer containers,
or metal containers. The eartora are dipped In paraffin to pro-
tect the contents from moisture. The M8A1 aircraft flare la
imcked In nn Individual filter container which In tnra Is Inclosed
In a Klnglc-flnre, wire-bound box. The methods of imcklng
pyrotechnics mado during 1017-1918 are described In O. O. Form
2027, Military Pyrotechnics; for pyrotechnics manufactured
wince the war, In technical refutations, on ordnance drawlnga
and In speclflcatlona. Pyrotechnics and their containers are
labeled or marked to comply with Interstate Commerce Com-
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mlxxlon regulations and Army Kpecincnlloint nnd drawing*.
'IlilN mnrkliiK liirlmli-H the type nr kind, dnle parked, lot nuniticr,
HIH! i|iiHii(ll.r. Tim MS AI Huron, HiHr container*, tind Ihe-lr puck-
hiK hoxcrt, urn marked In Indlmlc. the. dnle before which they
must IN> pxnntrird.

144. Handling nnd shipping.— Military pyrotechnics nre
Mhlpiicd In accordance! with InlerMlnle Commerce. Commliwlnii
regulations for firework*. They will IM* linndlcd with rare.
Containers will not Iw subjected l» riineh handling which may
dnmage the content*.

145. Storage.—I'.vrolwlinli-* will ho slnrol In con hi I tiers a*
Indlralcd In current ordnamr ilmwliiRH. Rninp iijrmtechnlca
deteriorate, rapidly In (he prcMcncp of moisture and high tern*
pwahira and may heronw iinxnfp. Cood iiroleollon acalnat
molnlnre or dnni|ine«<a nnd lilnh leni|N<ralnrc Hlinnlil lie provided.
Container* which uluw K|RII!« of I|IIIII|MU>»H or molylnra will be
i-nrefnlly oxninliM-il; nml If (he p.rrolechiilrfi hnve heen dnmnKcd,
they will Iw destroyed.

140. Maintenance.—Only pyrotcchnlcR In mi'lnl mw-H, wich
n« avlnllon cartrldRi>* ami alrfilaiic llnre*. are reconditioned
or rrimvnlcd. Hm-h work will !M> done In accordance, with
ftpcclflc Itifitrncllonn of Ihn Chief of Ordimnce.

147. Fires.—8»nm pyrolcrlinl*** may (Riille R|ionlnne»iiNly If
*nhjerled to adverm coiidltlona wuch aa molHtnrc and hlRh tcin-
|N>niHires; lint, under Ihexe rnmlltlitnn, most t.v|M>n tend to heroine
lee* M>nplllTt> ami more dlflkiilt lo iRiille and hnrn. TheiM> re-
markx apply mnlnly lo pyroltTlinlcs inniinfnclnreil during tlm
World War. I'yrolechnlcN niiinufnrlnrcd plm-c that time are
well protected acalmt delerlornllnii In olornge. A very hot flre
I* created hy hnrnliiR pyrotcplnilcs n<» practically nil types con-
In In *OIIH> ox.vRrn-lxMirlne c-onxtlliicntH. Wnler Bhoiilrt not he'
lined on burning pyrotechnkii ciHitalnliiR mngnenlum. Pyro-
Icchnlc* am-h a* alr|ilane JliircH may explode, hut moflt other
ly|ic* hnrn with an liilenxe liotil and wIIlimit wrloun pxploalmm.

148. Safety precautions.—Pyrolcchnlcs Hlionhl lie prolwlcd
ngaliHit nmlxlure, *honld !H> handled 'with care, nnd proletrled
agnliwt cliiK-ks. The Imxe* nhonld not lie dropped or thrown.
If pyrotechnic* are exited lo moisture, they riionld lie. Bcgre-
galcd from all other material* until an examination ha* been
made, to mnke sure that they arc w-rvlwiilik- and are not
daiiRcron*.
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MISCELLANEOUS AMMUNITION AND EXPLOSIVES
I'MTairaph

<len»nit————————.„_„„.„_______-_______—„ 140
llhink mnmonltlon fnr HrllUcry.-.________.....__._„_._ 1BQ
Smokr-piiff ehnrnni.——————____.___.___......———— 101
Demolition mntcrliil___________________________ IBS
fholoftmh bomb*—————..—..——————————....———_——— IBS
Antitank mine* ind fnicn.————________._...._...._.. 1B4
Orrniido————————————————..—.—————————__—__ 166

140. General.—There, arc a number of types of ammunition
and explosive* which have not been, discussed previously. In
this section they are described briefly with reference to storage,
maintenance, and general safety precautions.

160. Blank ammunition for (»rtlH«ry.—a. Blank ammnnl-
tlon to completely assembled and packed In boxes In Individual
flhcr containers at arsenals or depots, and shipped to the various
stations. This ammunition will be treated In the same manner
as described for flxod and semifixed ammunition In section XIII
of this manual.

6. Tho weight of the charge, and the model of gun for which
the ammunition Is Intended are marked on the cartridge case,
the Itltor container, and the packing box. Additional markings,
Including those required by Interstate Commerce Commission
regulations, nre nlenclled on the box.

a Blank ammunition will be loaded only at designated
ordnance establishments.

151. Smoke-puff charges.—The only Items of the smoke-putt
outfit that nre of Interest from an ammunition and explosive
standpoint arc the black powder charges and percussion caps.
The black powder charges are packed In small cartons and
wooden boxes. They will be handled la the manner prescribed
for black powder, and the regulations of section VIII will
govern their storage, handling, and shipment The percussion
cap* arc packed In containers and wooden boxes, nnd will be
stored In accordance, with the provisions of Section XVI, Fines,
Primers, Boosters, and Detonators.

158. Demolition material.—«. The. Ordnance Department
stores for the Knglnecr Corps of the Army several kinds of
demolition material*, such as explosive Mocks, dynamite,
Mastlne caps, and blasting fuse.

d-':':--'&&'••• '••'/'.•



OHUNAWK HAFKTV MANUAL OKIINANCK 8APKTT MANUAL

ft. Kxplnslvc blocks nre of hvii ly|M-«:
( I ) Kxploxlvc, 'I'N'I', rcclniiRtilnr, onc-linlf INIIIIH! block* hnvo n

carlly Inlo which Ibc dctnnntnr or MM oil MR nip In Inserted.
(2) Kxphwlve, nllroMlnrch In picked In linir-imniHl Mocks nnd

1-pmind pncknoen which cnnlnln four quarter-nonm! Mocks, Tin
ipmrler-ikiniNl nml hiilf-|Miiiiid MiM'k* IIIIIH! not IM- broken Into
mnnllcr phwn. Nllriwlnrcli IN much more scnxlllvc. limn TNT
nml nhonld not lie broken or roughly hnnillcd. Thin mntcrlnt
should he stored In n cool dry innRnzliic nnd hlRh temperatures
should (H> avoided.

Kxplonlvo. TNT rcclniiRnlnr nnd explosive nltroslnrch blocks
will l*c stored In nccortlnncc with the provisions of Section IX,
IIlRh RxploMlres.

c. ItlnstliiR dips tolryl electric nnd now electric nre spcelnl
hlnstlng mim prlnmrlly for nw wllh explosive blockn. Coin-
mcrclnl ItlnallnR en|« nre generally dcfriRimted by number*
KmtlRit Itlckford safely fuse will lie stored In nccordnncc with
the provisions of Section XVI, Kii7.cn, Primers, lloostcrs, nml
Dctonnlnrn. I'rlnmcord Illckfiird fuse In filled with n hlRh ex-
tilodlve, nml will lie ntflrcd In ncrordniK'c with the provlirionB of
Met Ion IX.

it. I \viinmlto will he utorml In nrronlnncc with the prorMoiffl
of M-ellon IX. R|tcclnl n I lent Ion will lie Riven to oily stnlns or
ex mln lion of nllniRlycerln. Slnlns of (Ills nntiirc on the floor of
n ninRnzInc will hn neutralized hy i»cnilil>lng Hie floor tboroiiRhly
wllh n mihillon of one-hnlf Rnllon of wntcr, onc-hnlf gallon of
wood nlcohol, nnd 2 |KMIIM|B of MNllnin milphlte or itotnmlnm

r. "IimliinlniHMiim" fuse lifted hy the ICnqlncer Corjm to sonic-
tlincn nlorcd nt ordnnncc esliilillslinienls. Thin fuse bnrna with
extreme rapidity. If It In mMnkcn for mfcty fine, wrlom
nrddenln inny result. I'nrclmoc of thin fnw hnn been dlecon.
tinned lint nome of It inny ntllt he In Rtock. It In colored red.

153. Fhotoflnnh bombs.— rimlollimli Immli* nro londeil with
flniihllRht powder, which In xlinlliir to hlnck powih'r n» to hnjwrdn
In ImndlliiR nnd nlornRe. Cn refill hnndlliiR of pliolodnnh iMinibn
In efscntlnl to nvold diunnee lo Hie fllier ciiscii nnd pnrnehnle pull-
out cord*. I'lioloflnxh ImnilM which linve liecnnic dnmnRed In
hnndtliiR or nlornp', or those which full lo function when

dropiicd ffhnnld lie. deNlroyed In nccordnnce with tlm reRiilnlloiM
of imrnRrnph (Kin for nrllllery Hlicll. The wifely iirccnntloim
which nro nllnchcd to the onteldo of ench iMNnh-cnne will bo
obwrvwl ciirefnlly.

154. Antltnnk mlntt nnd fuMf.—Antltnnk mines nnd fuwt
nre imckeil loKi^her In IMIXCH containing live mlnen nnd ilro fimw
lo lh<> IMIX. The inliien nml fiitc* In |ilyw«NNl fn«ic contnlners nro
ptnced wllh diameters nprlRht In comportments within the box.
HlRh cxplonlro mines for serrlee am Nre hmded with TNT or
with trlmonlte, nnd employ n detonating fnce containing tetryl.
The rcRiilntlonn of nccllon XV will gorern tlie atorage, hnndllng,
ami shipment of thene mines and fnces.

The practice mine conslsta.of an unloaded mine body. The
practice mine fur.e Is loaded with 100 gralnn of red phosphorus
and fll) cmlim of hlnck iwwder, A-No. 4. The reRitlatlona of thin
section cover I MR hlnnk nmmnnltlon will Rorern tlm storage, hnn-
dlliiR, nnd shipment of practice ralncn nnd tmxn.

155. Orenndes.—a, (Ircnndea are of two types; Hand nnd
rifle. Hnnd grenndcn nro clnsslfled ns frnRmenlatlon, practice,
and chemlcnl. The only standard rifle grennde la londed with the
cbemlcnl filler, ON.

h. Practice erenniles nre ein|ity grennde bodies tirovldcd either
with Rrcimde fnxen with dctonntora, or with hlnck powder Imrst-
InR chnrgcn and grcnnde fnzea having blnck powder Igniting
elm rRen.

c. TrnlnltiR grenndca do not contain explosives, nml nro clns-
•Ifled ns Inert melnl components.

rf. Qrenndes nre pncked nn follows: Thn stnndnrd method of
imckhiR hnnd Rrenndes Is In Imllvldnnl flher contnlners In Imxen.
However, there nre still some chemical nnd fragmentation hnnd
Rrenndes pncked In metnl lined boxen, and some fragmentation
and training hnnd grenades with nod wllhont fuws In wooden
packlnR boxes. Rifle greimdea nre packed fuzed, In wooden pack-
ing Imxen with the cnrtrldRCM and rods In scimrntn boxen. The
packing nnd marking of Rrenndes are covered In technical regu-
lation*, on ordnnnco drawings, In apeclflcntlom, and In stnndnrd
nomenclature Hats. •, .
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SnmoN XIX
METAL COMPONENTS
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Mlnrni.it___....___. .._... .......... .....______——.. J5«
Mnlnltnanr*——. ..————————_————————————————.—— 100

156. Oenernl.—n. Metnl coinponents, loaded and unloaded,
•re nn Imimrlnnt part of (he reserve ammunition maintained
for use In nn emergency. They nlwnys will Iw protected against
rust, deterioration, or damage, so that when shipped to n loading
plant only such simple alteration* as denning and repainting
will tic required to prepare them for loading and assembly.

ft. Mctnl components are divided Into lots. The sice of n lot
varies for various typo* of components, the stage of manufacture,
and oilier similar factors. The first lots manufactured nre
tiftnnlly small containing from 1,000 to 6,000 units. As manu-
facturing iiH'thods become well established the. lots mny Increase
In sire to 25,000 or 50,0(10 mills. I/ots of mini 11 components such
as iirlincrs, boosters, nnd fuses nre much larger than lots of
projectiles nnd Inunlw. Metal comimnents nro manufactured
to meet definite physical and ebcmlcnl requirements of War
Department Rpeclflciitloiis nnd drawings, nnd each lot Is accepted
for use nn the basis of sfieclflc testa and Inspections.

157. Packing and marking.—a. Considerable variation ex-
ists In the methods lined for pnckliig nielnl coni|ioiicnta Under
normal conditions they wnnlly nre plilp|Hi1 directly from n
mannfncturlng plant to n loading plant In carload lots. To
avoid unnecessary expense It Is the general policy to pack com-
ponents In IMIXCS or crates which eiin lie reused for shipment
of the same comiioncnts nfter they nre loaded. For example,
ninny of I lie. Inert fnices now In sloriiRo nre packed In the
standard boxes for loaded fuses, the only d I (Terence being that
the metal liners nre not willed. The almve policy cannot lie
applied In cnni|mnents for rounds of flxod ammunition. Cnr-
Irldgp, cnscs, shell nnd shrnimcl, are pnckcil In commercial
wooden or flber boxes of n convenient slxe and weight.

ft. Although variations exlxt In nietlimlx of imcklng, It will
lie noted In all caves Hint the intilii objectlv<> Is to ninke certain
that the method used will protect llii>com|ioncnls against, i
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dnflne ahlpment, and afford reaaonnhle protection ngnliiRt do-
tcrlorntlon In RloraRC.

r. All nielnl coniponenln are lilenllflpd hy mark or model
nnniliera, lot nnnilierN, miiiinfacturer'H Inltlnla, and Inspector'*
Inlllnls. Wherever ixwlhlc- this Information la Rtamped directly
on the enmimnentR, ami nlwaya on the containers In which
components are imcked. The phtce where the marking will be
foirtid la shown on the ordnance drawing for each component.
For example, the lot number, manufacturer's Initials NIK! In-
siiector'a Initials nre stumped lota the atecl body of n shell
Ju.it forward of the rotating band.' In moat cases this stamping
Is not visible until the paint or protective coating la removed.

158. Handling and shipping.—Where practicable, metal
com|mnetits will he shipped In accordance with the methods
»ppclfled for loaded components. Bhnpty shell should be shipped
In nccnrdnnce with the specifications for packing projectiles In
freight cars. Components always mnst bo handled ami shlpiicd
so that they will reach their destination In good condition.

159. Storage.—a. Metal components which comprise part of
the reserve, nnd which may remain In storage for ft number of
yenrs, will he protected carefully against deterioration. When
nccesftnry, they will be reconditioned or renovated In accordance
with Rfieclfk! directions of the Chief of Ordnance.

ft. They will be stored In buildings which afford good protec-
tion ngnlnst the wenlher—particularly ngnlnst moisture nnd
dnmpncKX. Teinpornry building* with stool or corrugated Iron
roofs, nnd buildings with dirt floors, lire not suitable for storage
of metal components. Mngtizlnes or warehouses with concrete
floors riionld be used. The roofs of buildings in which metal
roniimncnts nre stored should be Inspected frequently, for if n
leak occurs the. material which becomes wet usually will require
reconditioning or renovation. Corrugated-Iron roofs nro subject
to sweating nnd extensive damage mny result from this caitw.

r.'flletnl coni|mnenla In boxes will be piled In accordance with
storage practice prescribed In Army Regulations, ami such ml-
dlllonnl limfrncfloiis ns may IH> prcserllml by the Chief of Ord-
nance. Precautions will IN* taken to Insure that the components
at the hnsc of piles nre not damaged, and that the weight of nppcr
tiers will not criiRh IHIXC* In lower tiers, allowing the pile to
lopple over. Kor example, cartridge eases for Tfi-iiun. snimnnl-
flitn nre stored In liber containers. If the containers are stored
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thnt mrtrMin* MIM-K tin* RtnndliiR m|imrrlr on tliclr
will Kii|i|Mirl wvcrnl ii|i|M>r Iliw wlllMiul dnnniKC, tint If

Hii'.r nn- Mliin-il mi Iliclr Hlilim Ilir ciiiilnliiiTM mny »>HH|RM>, dmn-
Urn «iirlrltlR«' CIIHCM. Oirlrlilec CIIKCH mil jmrkcd In <tm-

Blmnlil IK- Mlonil on tln-lr Imwa nnd mit on their pldni.
nhuuld IN* jilniiMl liolwecn rnch tier to distribute the

HIM| Inmirn n Hlnlilit pile. In xtiirlnR empty aliell, )>rc-
mntliiiiH will he tnkcti to |)r»tecl I lie minting ImmlM. AVhon
(liiiumen In not nxcd, rtirll will In* HlnpgrnHl In i»llf», m thnt
mi weight rentH on the ImiHtn. A milld fnnmlnllon IH of prhnnrj
Imimrlnnee, lie<-n«w' If fonndntliiiM »>lve wny nnd tlie. piles
topple over, ritell limy Im limlly dnmneed. In |illliiK nnd KtnrklnR
tnelnl ctnnniineiitn the nllownhlc lloi>r hind Mlionld he determined
nnd ehcrked ncnln t̂ the weight of the components In n pile.
The nllownhle flour lonil will not be exceeded.

160. Mnlntennnee.—Mctnl cmnponcnta which nre deterlornt-
liif will IMI reroiidltloned or renovntnl In nccordnnce with upe-
clllc InMrnvflonn furnished hr the Chief of Ordnance. PART III

SPECIAL SAFETY REGULATIONS FOR THE MANUFAC-
TUUE AND LOADING OF MILITARY EXPLOSIVES AND
AMMUNITION
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SUCTION XX

SAFETY OPERATING REGULATIONS FOR MANUFAC-
TURING AND LOADING PLANTS

rnrnfmph
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Ihitlm of ft renlilent mfrijr engineer......._.._......—..._. 103
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Inlrnplnnt tmniinortfltliin———————————————————————— I8H
Mnrhlnrr;————————————•.——————————..————.———— Ifl6
WwMlworhlnK michlnerir——...——.....—....——.-——————-— 107

161. General.—a. In addition to the mfetjr reRnlntlonB con-
tained In pnrtg I, II, nnd IT of thta mnnanl, which nlm matt be
observed when apitllnible, tlw following rales nnd regntatloot
will ROTprn operations In bulldliiRS, roonw, or portions of ft
plant In which bnznrtlous mnterlnls nre manufnctXired, loaded,
or handled. ' •

ft. The rnlrs an formnlntcd herein offer the minimum require-
ment* compatible with proper safety. It Is not intended to
limit the establishments In this direction, and It should be
expressly understood that commanding officers are entirely free
to superimpose any additional safety rules which mny bn de*
slrablc because of local conditions which necessarily <cannot be
coveml by a manual of this general nature.

100. Safety orgnnleatton.—«. The safety orannl»itlon of n
manufacturing or loading plant necessarily should be more «z-
lenslvc than that of a storage establishment A satisfactory
organization for large plants should consist of: (1) A wifHy
officer, (2) n safety hoard, (3) all foremen, (4) a safety engineer
where necessary. '

b. The safety board should consist of three or more memliers
a|ipoliifcd by the commanding officer.

r. The duties of a wifely board are to advise Hie commanding
officer relative to the establishment of safety measures nctvsenry
for I ho proper safeguarding of personnel nnd proiierty. In addi-
tion to Its other duties, this board should recommend the maxi-
mum amount of hnenrdons material, and the maximum number
of persons to be permitted In each operating room of the plant.
Iteeommendntlons and decisions of the safety board will be
exceutcd as directed by the commanding officer.

4I5050*—41——0 12C
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rf. All foremen nrc rcM|Niii5<llile under I In- direction nf I ho
cnniinn inline iillhi'r fur I In- viiforceineiil »f mtfely mien nml
slnndnnbi fur nil work pwFnrined miilfr Ilirlr wipervlslon.

163. Duties of n resident safety engineer.—a. The resident
safely engineer, under micli rulen mill rcKiilntlons ns limy be
prcHerlhcd l>y (lie timniinn<llnK oflh-er, HIM! the safety officer,
Hlionld ortltmiHIy !N> helil rcK|Minxlhlc for coordlnntlng mfrty
practices nt the eKtahlMintcnt with romimrnlile and n|ipllc«tile
mfnty practices followed liy similar commercial Industries. He
should net In Inn rapacity of professional adviser to (he coin-
mnndlng officer In nil questions rctntlng to the wifety of the
establishment. He nmy perform such ndilltlonnl ndmlnlstratlve
duties an mny be assigned to him by proper nnthorlty.

164. Hazardous operations.—n. All process equipment mint
he examined by n competent ppnmn specifically designated for
the pnrposo, to limitrc (lint It In In proper nnd wife working
condition before work In commenced.

b. If nmchlnrry or other equipment In out of order or give*
Indications of Improper operation or serious defect, or If foreign
substances or objects are discovered In hnmrdonn materials, work
must Im stopped nt once, iinlemi the dnngcrous condlUon Is car-
other thnn o|M»rntloiis Incident to storage, will he permitted In
nny Btornge building.

p. No operations In which hninnlons ninterlnl.i nrc Involved,
ntlier limn operations Incident to storage, will Iw permitted In any
ntorage Imlldlng.

if. ilnftfinlous mnlerlnls In loose or liquid form must bn trans-
ported In covered containers. No liquid explosives will be car-
ried outside a building by hand In buckets, unless special
permission in obtained from pr»|ier nnlhorlty.

r. Explosives dust or other hnmrdous mntcrlnta will not be
allowed to accumulate on radiators, hentlng colls, or steam or
hot-water pipes.

/. Kith-lent drowning Innks and nrrnngcments for rapid drown-
ing must lie provided for all hnmirdons materials In an acid
state, or which nrc likely to decompose.

ff. No ex|ierlmcntx, tests, other than routine work, will be
imdertnken In an o|ierallng building without first notifying the
lierson In chnrge. If such work ndds to the general hnznrd nnd
can lie |ierfornied otherwise, It must not lie done during opera-
tions or with unnecessary {tenons present.
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». Mnjor miNiIrs or din Dices will not lie nmlertnken In an
oiieratlng building during regular operations, nor without Urn
rrmornl of the hazardous materials, nor without the knowledge nf
lira employed In Immedlnte chnrge of tire building, nor with un-
neccsmiry INTHOIIH In the Immediate vicinity. Loose. Intent-dons
materials innut bo clenned up nnd surfaces washed or desensitised
as fnr as practicable. Danger sign* will be used when men are
working out of the normal line of vision, for Instance, ovcrhend.

i. Immedlntely after any repairs or changes all tools and
materials must be removed nnd accounted for before the building
h ID proper condition to operate.. The person In Immediate
charge of such work nmy remain.In the building to see that It
operates properly, but he first mint send his assistants to a safe
distance. / •-. . • ,.

I. Wnste materials, sweepings, or refuse contaminated with
hncardoiM materials mnst not be left In or near operating build-
Ings. It should be taken, as soon as practicable, In closed con-
tainers to buildings set apart for Its.reeovery, or to the burning
ground to be destroyed In small qnantitles under careful super-
vision. Such material must not be burled or thrown In any
stream, or tidewater unless It Is decomposed by, or Is soluble In.
wnter. The latter disposition will be permitted only If authorized
by local ordinances. . •• . - i , . \ •

k. Paints, oils, etc., unnecessary to operation will not be
permitted to remain In operating buildings. Oily waste must be
kept In approved waste cans. . i. • .

I. Condemned equipment which has been used with hazardous
tnnlcrlals inuxt not he removed outside the plant until It has
been freed from contamination.. i -i i , .

m. All oiieratlng buildings must be kept clean and orderly, and
their Immediate surroundings must-be maintained clear of
rubbish, nndcrgrowth, or other readily combustible matter. All
Implements must be kept In designated places. Biptoshra or
highly Inflammable dimt will not be permitted to accumulate.

.n. Tools or other Implements wed In the vicinity of hnsardons
materials must be hnndled carefully and kept dean. Metal
tools used In nny operation will bo those approved by competent
authority, nnd the method of their us* must be specifically out-
lined.

o. Containers of hncardoiis materials, shell, and other heavy
objects mnst bo lifted or wheeled, and not dragged, dropped, or
thrown about In operating buildings.
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ft. llefore freight nirx. Irni-kx, or oilier conveyances or currier*
which have contained ImximliiiiH nmlcrliil Icnvc the plnnt. they
inimt |H> liiH|Nrlcd mill fnvd fnim <iiiiliiinliiiill<iii.

q. Portable extension lhlhln nniHl not !H> Introduced Into oper-
ating bulldlngM while tinxiirdiMIX ninlrrlnlM nrc present, unless
absolutely ncccXMtry. An.v MKlit Introduced must conform with
reqnlrcnicnlM of imrngrnph IQOc.

f. Ilnnd flrc equipment mny lie |ir«vl«lc»l n» o|N*rntliiR hnlhllnRii.
In IHM> of Ore In linll<llii|rs rontnlnlng lonilwl nlirll or explmlvn
wlilrli nmy ilctonnti* or rxplmlr ii|ioii fxtMwnre to Inlenfto hent,
eniployrm iinwt Icnvo (hi! vicinity nfli-r I lie Ore linn imwcd the
liK>l|ilrnt HlnRc. This pnivlslon njijillcs nlnn to hnairdotm mn-
tcrlnln In rloMtl vcmolR or I links rxiNwcd to Intrmip hcnt.

«. Bitfoly MHMMI nnd iqMH-lnl flothliiR will he worn In operating
Imlldlnm rnntnlnliiR linr.nrdoim mntprlnln, us required by the
typo of riinlrrlnl or nnture of the onrrntlon.

165. Intrnplnnt tmnsportntlon.—o. Locomotives used In
Int rnpln nt Irnnxiiortntlon will Im of such n ty|»p, or will he wi
rnnli>|ipd Hint they mnnot m>t or rommunlmte Ore. Inimeetlom
will he mmlr frrquentty to limure their mfcty.

ft. Oiemlral fire extlitKnlxheni mumt be cnrrlwl on nil loco-
mot I veH nnd nrlf-propplled whlrli*.

c. The ciirryliiR of hnmrdouft innlcrlnl on locomotlvm, tender*,
or elerlrle Irnrlors In prohibited.

rf. IxMiimollven muwl mil remnln In front of ImlldlnKH contain'
IIIR IniwiriloiiH ninli-rlnlK loiiRi-r Hum ncM-nmry lo "njxil" ctira
for londhiK or nnlondltiR |nir|H)ws, nml dimm lo I hour bulldlngH
must lie rlowd wh<ii locomotives which d» not comply with the
provision* of imrngrnpli 7n (21) are imsHliiR.

c. Switching cut* by mnklng n "flying itwltch" I* prohibited.
All Interstate ('onimerc-c Coininlmlon onfety regnlntloim relntlng
to Rnfely devil-en, snfely gunnls, etc., should l»c n|ipllcd to Intrn-
pliint IrnnsiMirtnllon.

f. Prominent crowing nlgim Hhonld lie dlsplnyed on cnch Ride of
nil rnllrond crowlngM. Oiiciiliigs between mils must be suitably
filled nt crosslnjjs.

g. Trestles must hnvc n wnlkwny nnd railing on one Bide.
h. Btamlnrd-pnpe Irnrkn should hnve clenrnneeo nH Approved

by the Amerlcnn Itnllwny lOnpliiprrliiR Ansoclntloti. Pnrtlcnlnr
nttenllon should IK* given to helpht nnd horizontal clcnrnnce of
loud IIIR plnlforms, liorlr.ontnl nml vprllcnl clrnrunces for build-
ings nnd other strut-In res. nnd liorlxuiitnl dlstiinccn between
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IrnckR The distance from the lop of mils to ovcrltcnd wires
rnrrylng under WK) volts Hhonld be 25 feel; for wires carrying
over HIM) volta, nn feet.

«. Trnmenrs, IruckH, nnd other coiiTeyniicen nseil In llw trniw-
imrlnllon of linr.iirdoiw nmtcrlnto mint he no coimtritcled Hint mi
port of the lond can full off.

I. Motortrucks or oilier enrrlera with metal ntrlps In the body
floor mintt not lie used In the tmmmorlntlon of Imcnrdoim nut-
terlolfl unleM n wooden floor or Inttlce to prorltk-d.

fc. Trucks or wngomi limded with hnwinlous tnnterlnls must
not stop nenr nny point where « fire mny be burning, Inclndlng
blnckmnlth shop, forge, welding plnnt, burning plant, or locomo-
tive '

I. Trucks used In the transportation of hnrnrdous nmlcrlnln
mn«t lie kept In good condition, particularly an to brake*, tall
gates, doom, exhausts, leaks of fuel, etc. Frequent Inspection*
•hall be made of ench vehicle so used to Insure Ita safety.

tn. Begregntlon of explosive* and loaded components should be
In accordance with the storage chart (Appendix II).

tt. Explosives or haznrdou* material, whether In containers. In
bulk, or loaded Into projectiles, must not be handled roughly,
thrown about, tumbled over the floors, or over other containers,
dragged or pushed along the floor, or In any way handled so
that shock or friction may causa a fire or an explosion.

o. Narrow gnge or Industrial tracks should have the following
clearances: Width not less than 18 Inches over the widest car
used; hcndroom not lens than T feet. Center to center of parallel
tracks should eqnnl tlw width of the widest ear, plus 2% feet.

p. Parking ot privately owned automobiles within Ordnance
stations will 1m so controlled a* to minimize Are haenrds. Auto-
mobiles will he parked In designated areas only, outside the
plnnt fence If practicable.

q. Trucks or vehicles loaded with hnwirdous material* must
not be left unguarded.

166. Machinery.—«. All protective appliance* required by
the laws of the State In which the plnnt I* located must be
Installed, whether or not specifically Included In these safety
standards.

6. Whenever practicable all ^protective appliances should be
removable nnd readily replaceable. Such protective appliances
mtmt be strong enough to retain their shape when removed.

?'
f-i£

«?'

*
'•&£•'
»•>:<

i,• -J
>••:• -^f •' • • ' *!**



130 (IHIWANCK HAfETT MANUAL

f. Adequate protective appliance* must lie used on all Installa-
tion*.

rf. Where nccess to (ho machinery Is necessary while It In In
motion, protective appliance* or sections of I he mi me may lie
hinged. Positive lockhiK device* aro required, and In cnse of
cover* or gules, provision must he innde to prevent the device*
from Mug urif-rhwlng. No rrinovnlilc or hinged section* are
|M»rmlssllile fur nm; In roiillnu oiling while inni-liliiery In In
motion.

c. Serious nechlcnl* have ontirrrd In the handling and nno of
discarded cxjiloalvo* process machinery, pl|ic lilting*, ami equip-
ment, because all waste explosives had not liccii removed. Be-
fore any ei|iil|inieut used In the mnimfactnrc or handling of
explosive* Is moved from I lie nren where It linn liccn In use. It
must he cleaned ami thoroughly Inspected. Before selling any
scrap melal whleh has lieen previously used In the mannfaetnre
of explosives, It must lie denied In a hot lire at the burning ground
at n temperature higher than the deeoni|ioslllon point of tlm
cxjrfoMve. The homing of mirh material)) Is n hazardous opera-
lion, and all due precaution* must lie exercised.

f. All exposed projection* attached to revolving slmfling innul
be giiardeil.

g. Shafting within 7 feet of the floor mn*t lie completely
guarded. Provision must lie made for the safe oiling of all
hearings. Overhead chain* or licit* which liccanftc of npecd or
size would Injure operators, on breaking, must lie guarded.
Rvery spoke- pulley. Hie ImUnin of which Is (I feet or less nhove
Hie floor, or working level, shall IN* protect**! by guarding a*
required for bells.

ft. All belt shafting and starling devices should lie simple, with
locking allnchnienl* In the slop imslllnn. Rlmftlng nnd starting
or slopping handle* mnst lie In a wife location nnd must not
project Into the passageway or lie otherwise located to that the
machine mar lie accidentally started.

I. Hell shifting li.v poles Khonld IN* avoided. Where It Is neccs-
mry to have peps for Idle licit* they must keep the belts nway
from moving parts, licarlngs, oil, or grease.

/. All electrical safely control appnratn* will comply with tlm
regulation* a* set forth In |iaragraph lOflr.

ft. At all points where, equipment I* lielng repnlred, oiled, or
which for oilier rcamm* must not be started because of danger
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to some employer, a danger sign will be attached to the Btartlng
handle of tlm switch.

f. ClinlriH, hooks, sllngH, and rope* mnnt lie lnspecte«l regularly.
tii. Emery wheel* must have n aultslantlal wifely IHMH! and

Bhonld have large-size flange* with cushioned washer*. 8|iced of
emery wheel* must not exceed the manufacturer'* guarantee.
Examination of the wheel for crack* should be made at regular
Intervals, and the face should Ite, turned np at freqnent Interval*.

107. Woodworking machinery. — •."Woodworking ahops,
other than small repair shops, should hare an efficient exhaust
•yitom for wood waste.

ft. Planer heads must be antmtantlalljr covered with n removable
guard over the exposed portion of the planer blades.

o. Rotating parts of woodworking machinery Bhonld he free
from all projections or Bhonld have the projections guarded.

if. Circular saws must be completely Incased below the table
nnd must have an adjustable hood protecting the operator above
the, table. Band saws must have both wheels and return side
of band Incased with a substantial removable housing. The
ratting *lde mnst be housed with an automatically adjustable
guard, giving protection at all openings or capacities.

«. Jointers nnd surfacing machines mnst be equipped with
safety cutter bead*. Power shapen, matching machines, mor- .
Using machine*, tenoning machines, and similar types of machine*
mnst have cutter head* completely hooded or guarded. Bander*
must have a 'revolving head hooded with an automatically
adjustable guard. • ''

f. Nailing machines must have safety housing and safety Btop
device*.

Bnunoif XXI '
SAFETY STANDARDS TOR MANTJFACTTTBINO AND

LOADING BUILDINGS

Ornrnl __ - __ - __ — ———— — '1 — . ———————————— — 168
MnnuUrlurlnc and londlnR building*.. — L —————————————— 160
Add* and InflmniMble RMt«rt*lt balldlntl., ————————————— 170
Btornite of volatile liquid* and «cld» — . — ._* ——————————— , —— 171
Sprinkler •jritemi-. —————————— • — — ... —— ..... ————— 173
Powcr-hauM nutollatloni tad equipment —————————————— 178
Refrigeration ptanti ——————————— —i ————————————— 1T4

188. , General. — a. In operation* Involving the manufacture
or loading of hazardous materials it to essential that buildings
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nnd facilities lie nhinmil iiml used wllli din* rcgnrd for HIP wifely
of I In- vnrlous nrmvxiceM us well UN for riHivcnlence of production.
The rcgnlnllnti* of Jlilw section nre Intended (o cover the special
mpiltvmciilM nod hnntrdii of iiuiniifiichirlnit nnd londlng plnnts.

100. Mmuifncturlng and loading building*.—a. Dfofaitcc*.—
llilrn|ttiint distances trill Im lined In scpnrntlng- explosives
n|N>rnllng nnd nlornge buildings forming n production Hue. In-
hnhllcd ImlldliiK dlMlnnccs tin set forth In wot Ion V will be
compiled wllli In HC|mrntlng production Hum frnm ench other or
from other sections of Ihe plnnl such ns ndmlnlirtratlvc, quarters,
or mngii«lno nrcns.

fc. VrnlltiillnH.—All hulldlngH where fumes or explosives dust
nro prmlnecd In must IK.- vcntllntcd thoroughly lo prevent poison-
ing the oj)crntors.

r. llrnt.—When hcntlng I* roinilroil In hiillillnc^ rontnlnlnir
exploKlriw It will ln> direct or Imlliii-t. dr|icii(llng ii|xin the
rhnrncler of the explosives In the ImlldliiR.

if. Air raiHliliniitnft.—Air ciMi(llllonlii(t of iiprrnthiR ImlldliiRK
xhoold he Inxtnlliil In ncrnitlnnre with nppllitihlr |K)Hloii« of Hie
Nnllonnl Itonrd of Fire Umlerwrlters' rrgulnllons for Air Con-
ditioning, Worm Air Hentlng. Air Cooling nnd Vcntllntlng S.td-
lentfl. nnd chnll unllsfy wich lornl rcipilreinciits nn niny be prc-
wrllN>d by (lie einnnmiHlliig olHccr n-lnllve to Imitnllntlons In
liiimrilmM liN-ntltmit.

r. Klct-lrln pntrrr unit tlffhl.—(1) Mliflrlo moton will not lie
Iwnleil In mutts or InilldliiKft <>onliilnliig explosive*, dimt from
(•xploxlviiji, Tit|Nini from which explosive* mny cniidPiiw, In-
fbinimiihle Tnp<trn or dnxt which nmr form explosive or In-
flnininnhle mixtures wllli nlr tinlrss fiich use In given Bpeclfle
npprovnl Itr Hie Chief of Ordnnncc. M»tors normnlly olionld be
lociilcd outside »f hnlldlngK eonlnlnlng HIOKC milmtnucea with no
connection to Hie proccs* building except through mcchnnlcnl
power trnnumlmilon nnd control devices which |msn through
gin mis or npcrhires ntlrqnnlely w-nleil ngnlnot egn*ss of the
Imwmloiis ninlerlnl In the Imlldlng.

(2) Llghllng liistnllnlloiis for HliiinliinHng rooms or buildings
ciiiitolnlng pxplnslves, dust from explosives, or vnpors from
which explosives mny cnndeime imrnmlly should lie mounted nt
ndopinle dlsliuHTS from Hie building nnd phonld Ite designed
to shine (brooch pnnelH Hiich us npprovvd In imrngrnph VSOf.
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l.lglillng Instnllntlmis mny lie located In such rooms or buildings
when npproved by the Chief of Ordnance.

(3) Hleclrle llghllng Inntnllntlom loentcd In room* or build-
ings containing Inllnmmnble ynpors or dust which mny form
explosive or Inflnmmnblc mixtures with nlr will comply with
(he requirements of I tin Nnllonnl Klivtrlenl Cotle or will lie np-
proved by Inc. Chief of Ordnance.

(4) The detailed requirements for llghllng llxhircs for Imxnrd-
(iii9 locutions prescribed In nppllcnblo Onlimncc wifely biiHelliw
will he otmcrved.

f. Window!.—(1) In explosives or other hnwirdoiw nrenn Hie
windows nrc preferably of wire glass. Mcnsnrnhlo protection
from broken glnss may bo secured by screens hncked or supported
by licnvy wire netting. Thin, of course, results In the reduction
of Illumination from the window thus protected. Woven copper
wire screens, Ifl-mesh, Imckcd up by 2-mesh gnlvanlxed wire
cloth, Imve been found practicable for this purpose.

(2) The use of screen nnd wire mesh for buildings within
oiierntlng lines will be Imscd on the location of windows Mug
considered, nnd the numbers of persons regularly employed In
the vicinity of the windows.

(3) The use of screen nnd wire mesh for protection ngnJnst
glnss In skylights Is mnndntory.

(4) Screen nnd wire mesh for the protection of persons In
ludldlngH nt Inhnhlted building distances from operating lines
oidlnnrlly will not lie required except In spoclnl cnses where
(hey nre considered necessnry because of such considerations,
ns iiccnllnr topography, or the exposure of great numbers of
people behind Inrge windows directly facing dnngerons buildings.

0. Door*.—(1) All exits should be mnrked plainly, nnd care
should be tnken Hint they remain unobstructed nt all times.
Outside doors mimt open outward. Safety doors, required In all
buildings conlnlnliig explosives, should be double doors ginned
with elenr wire glnss. In no ease should the opening lie less than
2 feet (1 Indies by 0 feet (I Inches. During operating hours, In all
ruses, they must he fnstcncd with anflpnnlc catches only. All
Interior doors nnmt be In the normal line of the flow of mnterlnl
nnd OIKMI In the direction of the How of mnlerlal.

(2) Snfcly doors which are higher than 4 feet above the
ground should be provided with safety chutes, stnlrways, or
Inclined rnmps.
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A. Rttfclil rhtilr*.—(1) Safety exits must open on n platform
imt less limn II f<i-l wide. HiifHy chtiliw trill begin nl Ilio mil*
side rdRi' »f Hit- plnlform nnil mil tit. UK* <ilc<! of the building,
landings from safely dinteM must !H> locnlcd nt protected places.
If the mil of the chul« IK constructed jmrnllel with the ground,
IliO pnssngc of (tin INVNOII whig the chute will be- slackened
miflk'li'iilly lo olivlnlc lli« need of n limiting ciiHlilon. Cushions
tire niimllKfnctiiry during winter In cold rllnmlcs bccninc they
freeise. Kxlls must lititl directly In routes whlrh |icrmlt escape
from the vicinity of the building llsrif. These routes must be
free from tripping hazards, low guy lines, or otlior obstruction*.

(2) finite. ends must nut lx> over 24 Inches above the ground.
If necessary, the end of HIP chute must Imve n horizontal run
sufficient lo prevent Injury of the employee due to speed of exit

(8) The following safety-chute dimensions ore recommended:
Angle, BO* to 40* from horizontal; depth of chute, 24 Inches;
radius of iMillom of chulc, 12 Inches. Chutes under 15 feet
require no horizontal wet Ion. Chutes 40 feet In length require
fl feet of horizontal section, with the juncture well rounded.
The sheets of inelnl of which the clinic Is constructed roust lap
In the direction of trnvel.

f. Fire c»cfl|w.».—Klre escapes nre required only In buildings of
two stories or higher nml only where other stiltnblc emergency
exits nre not provided.

(1) Kvery floor requiring flre escnpes should linvo nt lenst
two widely Reunited exits, prefcrnhly Im'nted In np|K>nltn Bides
of the room or hulldlim, nml elrnrly mnrknl "lire eseniic." Where
flre csrnpcs nre rei|iilrnl they nhonld Im of llrcproof construc-
tlon, with ndinlttnnce only from windows or doors Rlnwd with
wire glniw.

(2) Chitslde flre ewnpes, except snfcty chutes, ore Inferior
to Btnlrwnys ns menus of esrn|ie. When constructed they should
Ito. loenteil on dend wnlls, with no opening other tlmn windows
or msli doors glnxed wllh wire glnss.

(A) fltnlrs should not Iw lew limn 22 Inches In width. Cn-
pnclty should Iw coiniiuleil on the Imsls of 22 Inches for crery
14 pi>op1e who would use It In nn emergency.

/. SffilrimfM.—Rtnlrwnys must Imve hsndrnlls, nnd long stfllr-
wnys should Imvo (millings nnd turns. The constractlon of wind-
Ing or spiral slslrwnys should lie n voided. For n rise less thnn
20* an Incline or rnmp should lie used. For n rise between 20*
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snd BO* stnlrwnys nre required. Landings should be the snine
width ns stnlrwnys nnd not less thnn 8 feet In length.

k. Platform*, rn»ti«ni;/.i, onif ralllngi.—Flstforms or rtinwnys
•re rcqulretl wherever employees are required to go Into plnces
where Injury nmy result from falls or from contnct with moving
machinery or other objects.

(1) Plnttorms nnd ruiiwnys require at lenst one stairway or
flxcd ladder. Pint forum or runways exceeding BO feet In length,
or 2TiO square feet In area, require two stairways or ladders. Plat-
forms or runways should bo designed wllh n minimum strength
of IK) pounds per square foot.

(2) Platforms or mnwnys around tanks should bo built nt
least (t feet 6 Inches In-low the top of the tanks.

(3) Platforms, floor openings, runways, ntnlrways, tsnks, or
open vats, the tops of which are leas,thnn 8 feet above the
floor of the building or platform, nnd other plnces where the
hamrd could lie minimized by a railing, must be guarded by
suitable railings consisting of handrails, mldralls, and toe boards.

(4) Permanent railings should be of metal, except In process
buildings, where ntctnl railings would Increase the hnwrd.
Toe boards are not required on platforms or runways n round
tnnks or vnt tons which are 8 Inches or more above the floor
of the liultdlng or runway.

(5) Uniting*, plntforms, nnd mnwnys must he mnd* of flrst-
clnss materials nnd constructed In n substantial manner.

I. 1st drier*.—(1) Permanent ladders of either metnl or wood
require, n minimum back clenrnnce of 24 Inches, s minimum front
elenrnnce of 0 Inches, nnd n minimum aide clenrnnco of 12 Inches.
When possible, these dimensions should be Increased. Permanent
Indders should extend 3 feet 6 Inched above landings. Lnndlngfl
or pin t form spaces should not be over 10 feet npnrt. Ladders nnd
cngcs around the platform should bo constructed of first-class
material In n workmanlike manner. When n ladder Inclines
more than 1 foot In 0 feet, It should be replaced with n stslrway.

(2) Portable ladders of tho wall, platform or step type, nil
scnflaldlng of the assembly type, nnd ill Indder plnnks of the
fixed length ty|io or the extension type must bo purchnscd with
the Idea of use nnd safety, mther than of cost

(a) All Indders nnd similar related equipment should be
purchnscd and delivered In the unnalnted condition. After In-
•pectlon for knots, checks, and cracks, they should be stenciled
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for ilc|<nHmcnt, oixi-lllr HW niul ullu-r Identifying Information
nnd HII-II (minted wllli two nr more eottls of linseed oil.

(M All nimlrH lo bidder* nnil refilled equipment Hliimlil bo
mi niiide nit l» plii«i- Ilic InililiTM In Iholr nrlj;liinl conditions nn
nenrly DM jMiNMllilc. Jni|irnvlMcd rc|mlrs niul Improvised Inddcn
nrc prohibited In OnlmiiHT cHliilillMlinirnlM.

(«•) All iiliilfiirin niul NlcplnddcrM will lie no constructed ns to
IM-rinlt tlin lightening up <*f nltlc rnllN nnil trends by millnnle
means originally Incnrimrnlcd In Hie ladder design.

(d) ftxtcmdnn ladders will lie used ns extension laildcra HIM]
iHit nn two or niorc single hidden.

(r) frequent Insficffloiw will lie mnde of nil bidders nnd
ladder equipment, both nit In ciimlltlon nnd nn to ntlllr.atlon.

(H Where pnrtnhlc ladders are used rcgnlnrly nnd often for
tlie ranto o|icrntlon, they should lie rcplnccd hy nnrmnnent
Inddera.

(p} Portable Indiloni will |N> eqiil|i|N*d with nomdlp ladder
nlioM, lirnHnRs, dents, or will lie |itnntcil In the ground, or held by
nn eiit|))o.vee.

m. Vmm.—(1) A ennnrlfy |rtnte HhowlnR rnimrlty of htilnlH
In imnndfl or toim must he ponied In n nrotertcd nnd coimplcnora
plnre on enrh rrnne. The |dntn mtmt nlmw tlra lift cnpndty of
HM- holnt or cm no under rnr.vlnR rnmlltloiiR.

(2) 1'nrtx of llfttt nnd fn*lrnlng* innxt lie ln«|ierted weekly
nnd nn Inspnrtlnn reimrt nicil with the resident iwfety engineer
monthly.

(3) Ijornmntlve crnnefl nnil derrlrkH iniiNt be eipiliqied with
rAVellvp onlrlRRi'rn nnd rnll elnni|M.

M. Hli-rtitnr*.—Tim following rilli1)! H|i|il.v only to elerntora
mrryhiB imwenp-rn or nn operntor.

(1) ('nrrylng rnimclly mimt be ported nt nil entrnnres to
the elevntor nnd In the elevnlor.

(2) Klevnlorn nnd nil elerntor equipment must lie hmpeeted
weekly nml nn liiHim-llon re|mrt Died with the mddent mfety
engineer innnlhly.

(!») Klevnliirs must he of n mfely ly|ie with wifely cnteheR,
niitmnntle limit ntopn, nnd ementency exltii. 'Hie gnte or door
must be Kunrded <>erni<ely by npprnved KnteH or hntchwnyx.
Onli'S or doom must lie nrrnnged no Hint the elevnlor will not
Blurt until the ante or dmir to the elevntor linn been closed.
Unrlccs giving i-quiil security nrc ncceptnblc.
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(4) Ijjlwlrlrnl |Miwer nnd IlKlilliiK hmtnllnllong will !N> In

mvortluiKt1 wild the |irovlnli»im of imrnKrnph lOJlr.
o. Drmmhitt ami dr/iif/r tn*trm*.—BnllHfnctory drownlnit tnnkn

nnd nrrniiKi-mi'iilH for coni|tlele nnd rapid drowning or deliiKliig
must he provided for nil hnmrdwm proceMn mnterlnln whlrh nrc
likely to fiimn, burn, or to deeomnofle qnlekly. Aulomntlc nnd
hnnil-contrnlled delngo (tyntcma will be Inxlnlled nt nny locnllim
where nn Inelplcnt flre nmy be quenched hy the liwlnnt deluge
of wnter nlnrted by nn operator, or the fuclilg of tha link nenreat
to the flre. Iimtnllnttnna munt conform to nnpllcnltle jiortlona
of Nntlonnl Hoard of Flre Underwriters' Btnndnrda for Hprlnkler
Kqulpmentn. • • ,

(1) Melting kettlea, cotton plckera, powder curfew, and oilier
mnchlnery or procewcn, In which there la n proceaa flre hnannl,
should bo equipped with hnnd-operated, quick, or Instant control
deluge systems In addition to nn nntoronflc device.

(2) The deluge system will be charged with ateara, water, or
chemlcnla, depending upon the character of the flre to be
controlled.

p. Agitation.—Nltrnfora, wnahera, and other mnchlnca which,
bemuse of the hnwird of the proceaa and the likelihood of dcroin-
ptmttton of the process material, are provided with mechanical
nglintors, should have two meana of agitation, each operated
from nn Independent source of power.

9. Tunnel*.—Whenever tunnels are used for pipes or pnasage-
wnya they must ho jM-ovlded with n sufficient nnmber of exits.
They must be well lighted, drained, nnd ventilated. Live steam
lines In tunnels mint be Installed with care; they tnnat be well
anchored nnd hnve necessary provision for rapnnalon and
contraction.

170. Acids and Inflammable materials buildings.—it. Itnlld-
Ings or housings should be built of material not actively acted
upon by fumes and gnses which are produced In mannfnctnre.
Stone, brick, tile, naphnltum painted concrete, acld-reslsllng
bricks, nnd ncld-rcslstlng cement are acceptable mntcrlnls. Car-
bonnceona mnterlnls nffected by contact with aclda, fumes, nnd
gases, should be limited to n minimum In the construction of
buildings to be used where aclda will be present. Floors should
he of ncld-reslstlng material aloped to n drain connected with
catch pits. If an earth floor la used, It should be covered with
limestone.



OININANCK XAKHTV MANUAL

ii

t;
! I

A. In manufacturing buildings where acids nntl Inflammable
materials an> handled, gases of n toxic, asphyxiating, <nr In-
flammable rlnirarler limy In- funnil In (he rmmm In varying
amounts, ili>|ionilliiK u|mn I lip d«wlgn and i-Hk-lewy of tin- vcntl.
In) Ing system. In mmm ram* Ililx creates a flro hazard, but
In nil cases I lie rtHeloney of the employee In lowered In proportion
lo Iho cnntninlnnllon of the atmosphere In Hie room.

171. Storage of volatile liquids and acids.—A. Volatile
liquids should IHJ stored preferably In tanka In cnrlh-covered
vanlls, Mow ground level, and nt least 00 feet from the building
where they will be used. However, they may he stored In tanki
protected with an nxhcxtn* cover I MR, nhove gronml. at n safe dis-
tance from (he building where they will lie used. Aclda are usu-
ally stored In tnnks placed on piers at n convenient locatlnn n«*nr
the building where they arc used. Spent acid Is nsitnlly collected
In lanks located nt a ROW! drainage point, the acid flowing by
gravity from the operating building. Mqnlds and acids may he
conveyed from one point to another by mcnns of air pressure or
pumps. Tim pipe system should ho so arranged that when the
pump Is shut down or the air vnlve closed the liquid will drain
lim-k Into the supply tank. (Irnvlty feed to an operating building
Is undesirable, owing to possible louses because of leaks In the
pine or fittings. Danger signs should bo provided to Indicate
add lenka All quantity storage should be provided with earth
dykes of anfllclcnt height to confine, any serious leakage.

b. Alt the snfety standards outlined In section XX, Safety
O|icralliiK Itegnbillons for Mnnurnrfurlng ami fjoadlng I'lanls
apply nlvo to Ilin buildings described almvo.

170. Sprinkler systems.—(T. Sprinkler systems should ho
Installed wherever the checking of an Incipient lire Is desirable.
The Installiitlon nmst conform with the standards of the Na-
tional IJonrd of Fire Underwriters for Rprlnklcr Bqul|rnients,'as
well as with other safety rcgnlntlons covering siwclnl cqnlpmrnt.
Sprinkler systems should not be Inslallwl where water will In-
cream the. lire hamrd. Placards In hnlldlngs containing sprink-
ler systems should prohibit the storing of materials which become
more hazardous In the presence, of water.

b. There are two types of sprinkler systems: (1) The wet-pipe
system. In which plfies arc filled with water which Is released
when the temperature of the room rices above the fusion tem-
perature of the link.
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(2) The dry-plpe system. In which compressed air flits the pipes
lo Urn main valve, which o|N>m when the pressure la released by
the fusion of the link or leakage In the system. This latter pos-
slhlllly Ix a serious disadvantage of the system. Another dry-
plpo system IH provided with open-head sprinklers and a thermo-
static control of the main vnlve which opens If there to n rapid
rise In temperature.

o. Hie links or "heads" are made with fusion temperatures
aa low as 115* V. (40M* a), up to practically any dealred limit
Openings In floors, partitions, tunnels, shafts, or any conditions
which will cause a draft and prevent the concentration of beat
of an Incipient fire on the Jinks, should be obviated In order for
heat to cause the fusing of sprinkler heada In case of fire. Draft
stops 12 Inches deep should be provided at regular Intervals, ex-
cept where beams or girders make draft atopa unnecessary.

<f. In addition to the cut-off valve In the building, another
valve should be provided outside of and at a safe distance from
the building, In case It Is Impossible to enter and shut the valve
Inside,

e. Valves on sprinkler systems should be marked plainly and
should be arranged so that there can be no confusion with the
service systems of the building.

f. Preraure gages of the system should be located In prominent
places, at least 1 foot above the floor. All sprinkler shut-off
valves In the building should be "sealed" opea

f. A sprinkler system should draw Its water directly from the
water main ami lie Independent of the service supply of the
building. The system should be drained twice n year.

h. Pressures ranging from 80 to 100 pounds per square Inch
are recommended for sprinkler systems.

I. Periodic testa will be made of all sprinkler systems to Insure
their proper functioning.

173. Powerhouse Installations and equipment—Powerhouse
equipment, boilers, engines, and auxiliary equipment will be
Installed and operated In compliance with applicable A. 8. M. H.
codes and National Electrical codes, and such other applicable
codes, regulations, or standards aa are recognized aa standard
practice.

174. Refrigeration plants.—Installation and equipment In
refrigeration plants should be In accordance with applicable re-
qnlrcmenta of The American Standards Association Safety Code
for Mechanical Refrigeration.
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177. Acetylene (C,H,).—a. Wor«tf/r.--IVrninncnt or reserve
atonic*1 IN mil ni-oiiiiiiciiilrd. h IM pri'fi-riibly stored In aiicdally
mimtriN'liil and d-nlcd steel cylinders.

ft. llnsnra*.—There In a lire nncl explosion haxard when acety-
lene In mixed wild A In (15 irrrrait of air. When produced from
calcium carbide It should IN* produrrd only In miidtliicn aiilhnr-
Ited hy Iho National Hoard of Mre Underwriters. Fire ex-
tingulshcra and sprinkler systems are recommended for building*
In which acetylene la stored. Acetylene may explode Trlthout
thn admixture of air. Rnrrlal burners are required for Its vm
In lighting and heating. Snfoly tool* and equipment are re-
quired. Low percentage" of acetylene with air mixture arc not
explosive or asphyxiating.

178. Aclda, general.—The following prrraiillona ahonld be
observed In handling, storage, and use of acl«ta:

a. Ilecaiiao of the danger of glass breakage, due to midden
changea of temperature, arid carhoya or iMittlca ahonld not be
atom! In the direct raya of the aim. When a new ahlimient of
carboy* la received the atoppcra ahonld he loosened. If the
hotllea are full, 6 percent of the content* ahould be removed
from each to allow for expansion.

5. t'-arboy a In atorage ahonld reat on wooden strips. When
piled In tlera rare ahoiild lie taken that the hottoma of the upper
row do not touch the glass necks of those below.

r. Aclda ahonld not lie stored In wooden bnlldlnga.
rf. Deimrlmenia where aclda are atored or imed ahonld be kept

dean and free from rubbish and all slippery placea ahonld ba
treated. I'nils of clean water and ncntra Using solutions should
lie placed ao aa to be quickly and caally available for removing
acid from hands, fair, or other parta of the workers.

«.'Where acid fumes hiive a toxic, corrosive, or asphyxiating
action, great mm should lie taken to prevent operator* from being
overcome or Injured.

f. (logglca and respirators ahould Im available and employee!
trained In their adjustment and use.

g. Mclal drums or tanks containing sulphuric acid or Ha mix-
lures must not lie left O|H»II. The absorption of moisture from
the air creates an aeld snfflrlcntly dilute to cause rapid eating
away of the container at the mirfncc line.

ft. Naked flames, lights, or work of any kind which will cans*
a spark must he avoided around arid stored In metal tanka. The
action of arid on metal may generate explosive gas mixtures.
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t. In addition to Ihn foregoing, area* In which aclda are stored
or imed ahould have the following neutralising material available
In convenient form:

(1) For neutralizing aclda In quantities, slaked (hydrntcd)
lime.

(2) For cleaning acid from floora and equlpmpnt or as may lie
required. 10 tu 20 iierccnt aoda-aah solution. This neulrallilng
process gives off heat and ahould not be used where largo quan-
tities of acid are Involved. •

(.1) IVir washes, a 10-percent solution of Mcarbonato of soda.
179. Acid, hydrochloric (murlatlo add) (HC1).—a. Star-

«(7ft—Stored In carboy» or bottles, preferably In bnlldlnga pro-
Tided with acid-resisting floors. Oarboya of lid ahonld be
protected against mechanical Injury, and ahould not be stored
with nitric acid and strong oxldlclng substances.

o. JIngard».—In- Itself, hydrochloric acid offera no lire or e»-
ploalvc hacard. It reacts violently with cine, iron, aluminum,
and other common metals, generating heat and hydrogen gaa.

ISO. Acid, hydrofluoric (HF).—«. Storage.—Thla acid to
shipped and stored In lead car boy a, rubber drums, or wax bottlea.
Special care must lie taken to protect the container* from Injury.

6. Hatardi.—TMs acid la made by dissolving hydrogen flnorlde
gaa In water. It la very volatile. Both the liquid and Its fnmea
are very corrosive and attack moat substances, Including glam.

181. Acid, mixed.—Onnerol properties.—lly mixed acid I*
meant any mixture of sulphuric and nitric aclda; Nitrations
are usually carried out with sulphuric and nitric aclda mixed In
varied proportions. Nitric acid la aometlmea need alone for
nitrating. Constants and properties vary with the mixture.
Mixed add* containing not less than 10 percent of nitric add will
not freeze at ordinary temperatures and will not actively attack
steel atorage tanka.

188. Acid, waste (spent acid).—These are aclita which have
been used, usually In nitration. They contain email a mount a
of nitrated product. In the caae of spent acid from glycerin
nitration the hazard la considerable.

183. Add, nltrlo (HNO.).—o. atorage.—Nitric acid ahonld
he stored In carboya or enamel-lined tanka, but never In lead-
lined tanks. When stored In the open, quantities may be un-
limited ; when atored In bnlldlnga, In lota of not over 100 carboya.
Permanent or reserve atorage la not recommended.

I
i
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0;̂

:':' ^?tof>:m
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h. Mi»wrrrf».--Wllh orcnitlc ninlorlnl* II forms explosive com-

pounds, nml wllli iimxl nil oxldlnililr mnlcrliiN II forms Inflani-
Hill Me (fllll|NMIIMlM, WHIM' Of Which l«ri' MlllljIVt to S|tOlltlllM1Mlft

enmhusllon. Nlfrlc-m-ld flres are likely In produce suffocating
fumes. O«MH| vcnlllnllon In trim I nil In buildings Involving the
mm or innniifiirture of nitric m-lil. Mpncn between buildings
nhoiilfl I* wink-lout to give romn for fire fighting nml to prevent
Ihn accumulation of nchl fume*. Workers In nitric add should
trmr shoes, gloves, gauntlets, woolen uniform, and aprons of
Impervious material.

184. Acid, Bulpharlc (oil of vitriol) (H.SO,).—a. Klaraac.—
It may bo nl<inil In cnrmiyK. ilrumn, tnnk cnra, or glnim liolllm.
Ht»rag<> In Inrgn tnnkn nmlrr nriil-iwiliitlng irarroundlngii. to
nrrctrtnl an good practice, rermnnent or renerre stomgo It
not rwomnmiKlpil.

ft. //(Mwrrf*.—Hlrnng nrld rhara wood, cotton, and TCgctabte
(liter, hut In MI doing dncn not canrn flrc. The addition of water
drrri<t|M lii-nt whlrh may ln> unAVIcnt to ranrn flre or e«|rto«loa
<,*arlioy» of mixed acid pomellmea explode, dne to prewure of
llhrralttd nnnrs. Fronii mil|*hnrlc acid In cnrboys la parthnilarly
tlllhViilt to Imndle. Rnlphnrte acid should not be stored with
nitric add, rolnllln or Innnminnhlc lli|«l(l«. unbalances which
Ignite K|Mmtaneoni4.T, or with oxrgrn cnrrlcra.

185. Alcohol, ethyl, (grain alcohol) (C.H.OH).—«. Btorapr.—
IVrmaiNHit or n-m-rvo nloragn of large qnanlltlea ta not recom-
mended. It In fttomt preferably In Inrgc steel tankH underground
or In light fried drums In a cool place, protected by sprinkler
syntems. When stored In the open, exposed to direct rays of the
mm and at high temperatures, water should be sprayed on the
drnnm contlnnoiiHly.

ft. IfnwiM.—TlM» hnmnls are slmllnr to thorn of all volatile
and Inflammable liquid*, but are IMS than thorn of ether or
gnMillne.

186. Alcohol, methyl (wood alcohol) (CH.OH).—«. (liar-
apt*.—f nine as rllirl alr«ihol.

ft. /fnmrrf*.—Fire nml explosive hnntrda are greater than for
rihrl ah*oh«l. Melhyl nlcohol Is the most toxic of the alcohols
and pulwtiilng Inkra plnce as readily through the skin ami Inngl
as through the nlomwli.

187. Aluminum (Al), powdered.—a. Martian— Qenernl ware-
IHIIIWS. ConlalnerH: (^irtmm In wotMlen shipping boxes, hard-
wood keg* »r Iwrri'lN. Kwj» In a dry plnce.
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ft. 7f«i«irrf».—Form" Inflnmmable and explonlw mlxlnres with
sir nml oxidizing Hiibxtanrcs. Omlalncni should ln> Miffgtmtilod
sgnliiHt imxrhnnhiil Injury. Alnmlnnm ulioiilil not IM> stonil
ndjncnit to oxldltlng compounds such as sodium nil role or
potassium chlorate. In case of fire do not me wnter aa (his
may result In an explosion.

188. Amntol.—ii. Sli>i-ag«.—Amatol Is not a manufactured
product, but n mixture made at the time of loading. There
nhould be no occasion for storing. If stored, boxes lined with
molsl arc-proof paper, holding 100 pounds net weight, are
recommended.

ft. Hazard*.—In general, the hasants are slightly tens than
for TNT. Drenching systems controlled antomatlcally and by
Itwtantnneous devices are desirable on melting kettles and other
process machinery. Safety shoes and safety uniforms are re-
quired In process buildings. All practices and precautions .re-
lating to health and safety required In the handling of TNT are
required In processes Involving amatol.

189. Ammonia (anhydrous).—n. Storage.—In warehouses
when contained In steel cylinders or commercial snipping
containers.

o. Jlntardn.—Mny cause asphyxia I Ion If breathed In sufficient
quantities from lenky containers or pipes. Gas masks with spe-
cial canisters for protection against ammonia fumes should be
provided. '

190. Ammonium perchlorate (NH,C1O,).—a. Storage.—In
magnetites for explosives, preferably In a lire-resistant type of
warehouse. Containers: Glass bottles, or iron drums.

ft. Ha*trdt.—A. Are and explosive hneard when associated with
carbonaceous material or finely divided metals.

191. Ammonium nitrate (NH,NO,).—a. Ammonium nitrate
to a crystalline powder varying In color from almost white to
brown. It Is mixed with' TNT In the manufacture of amatol,
which Is an authorized banting charge for ammunition. Usually,
ammonium nitrate can not be detonated by neat or friction, but
It may lie exploded by a heavy Initiation. It may be exploited
by relatively light Initiation If It has been sensitised by certain
Impurities, among which an many carbonaceous materials. Am-
monium nitrate Is not very Inflammable at usual temperatures,
hut flres Involving ammonium nitrate In large quantities become
an explosive hazard.
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ft. Rlm-apr.—When stored In approved metal cimlnlneni In n
high raphwlvca storage area HIP qimnllllcN mid distances for
hlRh explosives storage will be «iiiii|illiil wllh. When stored In
nn nrcn wllh Inflammable niitlcrlnlK, which area In separated from
building* fmilnlnliiK high explosives by Inhabited building dis-
tances an m>t. forth In section V of Ihla mnnnnl, nminnnlnm
nllrnlG may Im stored In accordance, with (lie wifely distance
regulations fnr smokeless powder.

A. All iminufiK'lurlng o|N>rnlloiifi In ammonium nitrate linn
am considered explosives o|N>rallmia; but Hie neutral liquor Itself
la not considered hnntrdoiift prior to the beginning nf the manu-
facturing print**. Although there arc records of exptoalona In
highly concciilriitwl liquor bring prnrenaed In the high pana,
tlHTi- la tin record nf nn explosion having occurred In the liquor
In anch concentrntliiiM an am ncrcwrnry fnr ancceanfiil shipment
In and linndllng to and from lank ctira.

198. Ammonium plcrat* (explosive D) (NH,C,H,(NO,),O).—
A. Ktnrafic.—Stored In innRnr.liifs fnr cxploalvea. Containers:
An glren In the United Stall* Army Spcdflcatlon No. C(0-lft-&
IloxeN with DMilHturr |)roof lining, 1.27 by 1.10 by O.IK) feet, 00
ponndx net might, flO pounds pross weight; 1.00 by 1.33 by 1.83
feel, 100 pound* net weight, 113 pounds grows weight Also stored
In kcgn and barrel)!.

6. /f(iz»ird».—(1) In genernl KllRhlly lens than thone for TNT.
Nn lead In any form will lie iiennlllcd In bulldliiKft handling this
explosive.

(2) Sprinkler and deluge HVH|I'IMH nrt> minnnieinled In con-
npcllon wllh drying and anM>inhllng pruci-spes. Snch ayalema will
IN* nf service In preventing the Kprend of flre rather than In
rxllngnlMliliig flres In the burning material. Fires Involving
large «|<tnnllllo* of I his innterlnl may result In violent explosions.
KlreN Involving projectiles londcd with lids material may lie
expected to dolonnlc na soon aa the flre becomes Intense or the
prcmcd explosive liccnmcn Ignlleil. <'leanllnesfi In all proccsacii
Involving the handling of the material Is recommended.

109. Amyl acetate (banana oil) (CH,CO,C,H,,).—n. Rtoragr-—
Permanent or rcxerve slorngn In hirer qnantlHcs la not recom-
mended. U nmy !M> nlorcd In commercial airtight metal
eonltilwrs.

ft. /frirr»i-(fj».—Amyl ac-elale has the flre and explosive hnsards
of volatile and Inflaniiiinbli: liquids In a degree soinewhnt greater
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than alcohol and less than ether or gasoline. When mixed with
alcohol the hnr.nrd la Increased.

194. Barium chlorate (Ba(OlO,3,).—«. Storage-—"hipped and
stored In wooden boxes, barrels, or keg*. It should have mutated
alorage and should not be stored In the same building with com-
bustible materials, adds, sulphur, powdered magnesium or
powdered aluminum.

ft. Hazards.—Pure barium chlorate Is not sensitive to friction,
but Impure chlorate, or material spilled on the floor, or mixed
with amall amounts of Impurities, becomes very sensitive to shock
and friction. It Is a strong oxidizing material. It forms ex-
plosives mixtures with carbonaceous materials. Water Is the
beat agent for fighting flres involving barium chlorate.

195. Barium nitrate (Ba(NO,),).—a. Storage.—In general
warehouses. Containers! Iron drams or wooden barrels.

ft. ffatardt.—A dangerous flre hacard.
• 196. Barium perchlorat* (Ba(ClO,),).—a. Storage.—Thin
substance IB shipped and stored In wooden boxes, barrels or kegs.
Isolated storage Is preferable. Precautions should bo taken to
prevent Injury to containers.

ft. Haxardi.—Barium perchlorate la a strong oxidising ma-
terial. It will form explosive mixtures with combustible ma-
terials such as sulphur, powdered magnesium, aluminum, and
carbonaceous substances. Any spilled material muat lie cleaned
np at once and removed from the building. For sensitiveness to
friction, see Darlum Chlorate. •

197. Barium, peroxide (Bad).—«. Storage.—Store Is tightly
closed metal containers In a cool dry warehouse. Do not store
with starch, sulphur, powdered metals, or other combustible
materials.

ft. Ilatardt.—Oxidising material and dangerous flre hazard.
Iteacts with water to produce oxygen. Bmotber flre with sand,
ashes, dry earth, or rock dust. Do not use water.

198. Benzene (CJf,).—«. Storage.—Permanent storage of
large quantities of benzene Is not recommended. It may be
stored In tanks, In airtight steel drums, or en rimy a

ft. ffatard».—Sprinkler and deluge systems will be of service
only In extinguishing flre In the building before bensene becomes
Inflamed. Chemical extinguishers using carbon tetrachlorldc,
flrcfoam, or treated sawdust are effective against flre In benzene.
Hazards In the manufacture of benzene are those of flre. and
explosion of materials having low flash points. Strict enforce-
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nioiil nf HcMIne nnil |mwor wpilroiui'iil*. nml I ho use nf wifely
|IHI|M nml tf'iilptiH'iil HIP required. Tin- ImmrdN of l-eiiwno art*
Hliullnr lo MIIIXP of pusolliip mid inny lie I mi led In much tin* same
way. It In very luxle; exposure of |iersonnel should Iw llmltpd
an much as immillilp. Toxic lincnniH comprise (1) aeulo poison*
liiK through rpKplnillon of fumes nml \ 11*101*. or Injection of I In*
liquid. (I!) i.-hronle iMilMonlng through respiration over n longer
period of Him? of smnll qunnllHcti of fumes or vapors; (.11
dermatitis due lo dryhiR ncllon of solvents.

100. Blnck powder.—n. Hazard*.—Illnck powder explodes on
Ignition. The msmifnelurliiir process Is IwiHirdons. All pre-
cautions In the way of mnRtictlc separation, espcelnlly dimt prc-
vcullon or clhiihmllim. nml oilier on My prcxmiMonn nhonld IN*
olixorvnl. Tim mnclilticry nf Indlvldunl iMilldlnm flhoulil Im
rnntrollnl from n |ilnrc of wifoty, nml MR fur an tmmllile, the
driving mnrhlm-ry Nhnnlil Im liwnlol iM-hlnd Imrrlcmlwi or
Irnvrtwu. 8n fnr nn |Kiw«llile n|icnitnni fthonlil not to nllowMl
to onlcr ImltdliiK* wlillp innrhlnrry In In oiiorntlon.

ft. In nfwmhly filnnlR or londliiR iilnn(«, deluxe p.vstpiim nml
nfirlnklr-r nyrtMiw nrp of vnlno In pro vent I MR tlic mirmd of HIT*.
Bmnll MloekH only nlinnld |M> cnrrlnl In the londlnp roonw or
InilldlnRtt. l»lni-k-|m«'iliT ix-lli-tn Ignllc ni ronillly tin jfrnnnlnr
|Kiwd<-r. INnvdrr wlili-h him IMVOIIM: dry nflcr drpm-liliiR rosuinpd
miflh'h'iit of lln <*X|I|HN|VP |iro|N>rll(*ii to Itroomo n norlnus pxpl<mlvi>
hnmnl. (IhrlhHiniiHiim ninlrrlnlH which Imvc nlmorlx-il Ihtnoni
Imrhcil from Itlnrk iMiwdi'r <-oiislllii)(' n hleh ordrr flro Immrd.
Lninlmr or rnrlNiimrroini innleHnls from lilni-k-imwilrr hiilldlnm
will not l»o rcli-nwil for niinp. lli*|mlr* inny be made wifely
only li.v Blrlrt. ndh(>rrnm to nil cnfrly nirnfutrpa.

200. Cnlelum cnrblde (CnC,).— a. Btoiitfir.—Cnlclnm mrltldo
IN uhliiiml nml tclonil In Iron driimn nnd tin rniM. It ulionld !N>
Klorod In n dry, wcll-vriilllnlcd plncf. Thrm In llttla dnnRcr In
ptorlnR Ihltt mntprlnl If the dninm nrp Mphlly cloned M thnt no
innlMnrp cnn porno In rotilnrt with the pnrhldo.

b, Il<itni<t».—Tho htiKnrd llm In HIP formnI Ion of ncelylcnr
en« whlHi rpsnlls whon wntrr In mixed with cnlplinn mrlildp.
Drnmn nnist !H> clowil Hclilly to iirevent the pntrnnpe of wntrr.
Wnlpr Hliniild not Im u«od In flRlilliiR Ore Involving mlcluin
rnrhldc or wirlilde nwlylrm* RdM-rnlorH.

201. Cnrbon tetrnchlorlde (CCI,).—«. Storage.—Slorwl In
niplnl driiniH or United
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6. linear**.— Not H An* hnxnrd. In the nrraenr* of liwit. rar-

Iwn lelrnehlorldc nmy form hydrochloric nt-ld mid II!MI^KPIIP.
HIH-II eoiNllllom occur when It l« uwd MB n flre extlngnlRlicr.
When nbnorhed Into the hody through the rwplrntory or dlRnitlve
nyMtemn, It mny cnusc »«>vc«i illncM and even dcnth. Penmns
who nre mihjpcl »o nh-oliollmn, lung, kidney, or heart tronhlo

not Iw nmlgiipd to work with carbon tHrachlorlde. WlH-n
openly In n shop Rood ventilation mmit be provldeil nml

n*plrntory «i|iilpmcnt provided all pcnotmel who may lie

808. Caustic *oda (Sodium hydroxide) (NaOH).— «, Wor-
age.— Stored In wnrelmnww In airtight contalnen. Stornge of
Inrgc BtockH Is not recommended. It Bhonkl not lie utored In
buildings with sprinkler systems.

6. Hazard*. — Aside from Us caustic ami rornislTe. proiwrlles
(here IB no particular hnimrd.

803. Charcoal. — n. Blnrnne. — rcrmnncnt or rwicrrc utomgi*
of chnrrnnl Is not recommended. Owing to Ita tendency to ali-
Morh gnscn nml moisture. It In stored preferably In airtight con-
tainers. When stored In bags, the usunl shining container of
hulk charcoal, It should be piled In tlen with skeleton or gridiron
floors between tiers and with ample provision for ventilation.
Storage In hulk In prohibited.

k-//«Mwr«I«.— While chnrcoal IB a Are hasard of high order, the
Iwciird lies mnlnly In Bimnlaneona combustion. In this respect
rbarconl burned In {ills la loss likely to spontaneous comlnmtlon
limn the product ohlnlned from chemical plants. Tim Imwird la
also less In softwood than hardwood charcoal, and greater during
cooling after burning or when drying after having absorbed
moisture. Contact with certain materials, as, for example,
alcohols nnd oils, Increaaca Hie Are basnrd. Charcoal In whlrh
Are hoa been extinguished Is an Increased Arc hncnrd. Fumes
of gases from smoldering or burning charcoal are toxic.

804. Cyclonlte (Cyelotrlmethyl«netrlnlteram!n«) (C.H.N,
(H0,)3).— a. Slor«ao.~-'rMB compound rec|ulres the same condl-
•Ions of storage as given for tctryl In paragraph 81 of this
nanunl.

ft. 7/nrarrf*.— Cyclonlte la a Btable explosive with |>ro|ierHi«
similar to those of tctryl.

805. Dfazodlnltrophenol (OR,(NOOiN,O).— a.
8sme as for meronry fulminate.

ft. ltazar<1».—Bni»v as for mcrcnry fulminate.
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800. Dlnltrobcitftene (C.H,(NO,)t).—a. Rlnrnge,— II mny bo
stored In ex|tloMlvctt nmpnxliM'H when (Nickiil In wooden boxes
lined Tvllli m»h<lnrr-|inNir paper mil weeding 100 imnnds net
Height to Hie h»x.

b. /ftiranf*.—Rlmllnr to Ihow of TNT. Very toxic.
207. Dlnltropbenol (C.H,(NO,),(8; 4)).—«. Storapc. — Con-

tnlncra: Wooden barrels.
b. Ifamrrf*.—Dangerous fire hnnird. Hxplonlve when warm.

More poisonous limn picric acid. When handling dlnltrnphennl
necessary precautions should IIP taken lo prevent poisoning, such
an wen ring respirators, cloves, nnd special clothing.

808. Dlphehylamlne ((C.H.)2NH).—a. Sloraffc.—It may be
stored In warehouses. Authorized shipping containers: Hard-
wood barrels lined with krnft paper.

b. ttatardt.—While combustible, the hnsnrd appears to be
•light, although definite Information about Its behavior In this
respect Is limited.

809. Ether ((CtHi),O).—«. Klorage. — Prrmanent or reserve
atornge In large quantities Is not recommended. It may be
stored In tanks under ground nr In tight metnl drums In • cool
place. It should not he exposed to direct rays of the sun nor
located near radiators or oilier sources of bent .

0. J7amnf*.—In the manufacture of ether the hazards are
those Involving ether, alcohol, nnd sulphuric add. The storage
hazard Is relatively slmllnr lo that of gasoline, and, while similar
to Inn Inller In that the gases are heavier (linn air, (hey diffuse
more readily than gasoline.

810. Iiead «zld« (Pb(H,),).—it. Storage.—Similar to mercury
fulminate.

6. //ntnrrfn.—Tills explosive Is slmllnr In physical properties
to mercury fnlmlnnte, consequently the same precautions used
with mercury fulminate should be exercised except that am-
monium acetale nnd sodium bichromate are used to destroy lend
nrlile. In place of sndlnin Ihlnsulphnle. Nnnex|ila«dve nimiioniHto
arc formed by dissolving lead azldc. In ammonium acetate and
precipitating the lend with potassium bichromate. All floors,
tables, walls, ami mnchlnes should lie washed with a 10-|iercent
nqncons solution of ammonium acetate, followed by a wash with
a 10-pcrccnt nqucous solution of sodium bichromate, which In
turn Is washed off tvllh water. All wnsh cloths or brushes used
In applying nmmonlum ncrtnte solution should be treated with

sodium bichromate solution. Fixtures should be washed with
sniiniiiilinn scclule, rinsed thoroughly with water and the rinsing
sililcd lo ammonium ncx-tiilc solution before It In dccomtiosed
with the sodium bichromate solution. An alternate procedure
which should be used when economically practicable consist* of
destroying lend nxldc with n 26 percent water solution of eerie
ammonium nitrate.

811. Iiead styphanats (CLHN.OJb).—a. StoroffO.—Shipped
and stored subject to the ssrne condition* •» mercury fulminate.

o. Jlatnrii.—Presents the same explosive banrd as mercury
fulminate. . , ,,

818. Magnesium (powdered) (Kg).—a. Btomge.—Stored In
general warehouse In tightly closed metal or metal-lined con*
lalncrs. Provision should be made to protect containers from
mechanical Injury. , , .

ft. Uatanlt.—Mngneslum powder !• a dangerous fire hnmrd.
When disseminated In the air It may be exploded by means of
a spark. The powder liberates hydrogen when It cornea In con-
tact with water. A Ore should be smothered with dry earth,
ashes, powdered talc, or similar material. Any of these ma-
terials should be applied gently as any disturbance nf the hunting
magnesium may cause It to spread., Water should not be used
In fighting magnesium fires, except In those cases In which a
''fog uozzle" Is used to protect firemen'or to purposely accelerate
burning. The ure of fog nozclea should bo limited to small
qnanl Ille* of magnesium. • n - . - .
. 813. Match, quick.—a. General ftroptrttci.—Quick match la
a fnst-biirning fuse; positive, and easily Ignited. It burns more
rapidly than safety fuse. Designated by the number of strands
(as 0-ply). Military use: In the manufacture of certain primers
or Igniters. Produced by Impregnating cotton wlcklng with
meal (black) powder. .

• b. Btorapc.—It may be stored In fine and primer magazines
when packed In mclal-llned airtight containers,

c. Hatanl*.—Aside from the black powder (bulk) used In the
manufacture, the hazard Is one of fire. (Sec Black Powder.)
Precautions lie principally In maintaining cleanliness and having
only small stocks of powder and finished material on hand.

814. Match, slow.—a. Ocncral projHtrffe*.—Slow match la an
easily Ignited slow-burning fuse. Kate of burning approximately
1 Inch In 10 to 15 minutes. Produced by steeping hemp yarn
In concentrated iwtasslum nitrate liquor.

We.-.
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ft. A'fnntpr.-- It may lie rtiintl In general warehouses when
INK kill In im-lal-llneil nlrtlchl iiiiilithiem.

r. //nrnrifa.—Involve* mi i-ximwlve linmnl. llnniH slowly,
Fin* In Hliw innti-li arc «<xllngiib<hrd with dlnVnlly.

9IS. Mercury fulminate (HjrC.N,O,).—if. S/oitrffc.—Miwt I*
Klonil nloiif or wild Icnil n«lili> »r Klmllnr <inn|NtiiiHlit. HiiHl not
he Hfontl ilry nml wit cximwtl l« the illnt-t riiyn of this mia
Mmrnrjr fnlmlnntr- nmy IIP Htorwl In Rhliqilnir wiiitnlnora only
«« nil <*X|Nilli*nt. nml Ihcn niiiMt lx> nlonil In frnnt|irmif TAiilt*
with Imrn-lM on «*ntl, our HIT lilch with immtiip-xmy for liwj)rrlloii
nml liniMlllnR. riir wrvlii* rtiirnp', clnnnl rnrlhrnwnre crockt
with ti»rprM tit ninplc «lw» to holil Ihr ilimlilc ling of mercury fiilml-
nnlc mnxt IN> iiwd. 1«»K« mny Im ulrin-tl In cnrtlieimnre rrorki
nmlcr dlnllHcd wntrr to which nlwliol linn hem added In the
pri>|H>rlliin n»-«ii«Kiiry to iin-vpnt. fit-rain*, for use between
wrvloc olnrnRo nml dry hoiiw-ii, tonlhcr or rnlthor itoiiclics will bp
wnl. Slnrnco In ninniifiictiirliiK iiinRnrJiicn will lie In crock*
flllcd with (IMIIlcd wntcr. 8h!i>|)lii|; cnntnlncr: DonMn ImR of
dry mcrrnry fnlmlnnlc, with 25 itrrrrnt wntcr, mnincndcd In •
ImnlwtMNl Imrrcl imi-kcd Milldly with wet mwdtmt.

6. Jtntnri».—All |irccnnllonn required for protection of nmw
elm* n|iply. It xlHiiild n»t lie bundled when frozen. Wet fulml-
nnte of niorcnry or wrt floor covcrhiRx nmlnliiliiR wnmll qimntltlei
of fiilmliuile mny IH* burned on windrows of Inflnmmnhlc innterlnL
Nonexirioiilrn prmlncln nre formed by noiitrnllzlng with cold
WNllinn lliliiMilphnli! (Nn,K,O,). All HmirH, Inhleii, nml wnllfl In
rnonm In which Hie dry explosive IM nw-d Nlunild lie wnnlicd with
Ililn cnliillmi. In Hie nmnnrnHnrliiK of ineri-nry fnlmlniile tin
fumoH Riven off nn> loxlc nud Inflninmnble. Onra IN reqnlreil In
prevent fiilnilnnto diwt from IH-IIIR cnrrlcd off In the exlmnrt
ftyalem. IN'i1"""" Unix inmlo hnre ciiiwd exploiilonfl. Much nt«
IciiHon Hhonld lie Riven to clennllnifw, nn foreign or gritty m«-
terlnta In Hw nrmlnet. mny cnnw nn explosion. Hie floora of
room* In whlrli dry fiilnilnnle IH hnndlnl riionld Ite covered with
'/in-lm-h rlolli liiwrltHl rnblier |nirklnR. or equnl. All crnckii
mid creviced shoiiUI lie covereil. The \vnlls of (hem romm nhonhl
lie covered with glnxed wntcrproof mnterliil. Frequent wnirtilnit
with ncnlrnllzliig milnllon IH nerexNiiry. The fiilmhmtc Id dried
In mnxllii wpinreN on a dryliiR Inhlc. The drying Inblcft mny lie
hented wllh hot wnler. or the dry house by n wnrtn-nlr blower
nyMem. The drying temperature xhould lie bi>twfcii 60" O. And
WTO.

MANUAL lf.3

Primer cnnn nnd detonnlora londed wllh fnlmhmle of mercury
«ro lewi KeiiNlllvo limn Hie dry bulk miiterlal, Imt mimt be hnndleil
wllh grcnt cure. Klren InvolrhiK thoio niwemlilleM nhonld IN*
(rented the mine an the bulk material. They will explcnle as
MNIII an lire, rcnclics Hie fulinliiHle. Btocka In aaaembly or londlng
rooinn nlioiiM IH> kept nn amnll aa pomlble.

810. Mononltronnphthnlen* (O»HtNO<).—a. Blorapa.—Hono-
nltronnphtlmlcne IB Bhlpiied and atored In wooden barrato and
krgN. It In nacd aa nn Ingredient In trlmonltc, aa a dye Inter-
mediate, ami aa an active Ingredient In Borne commercial
exploRlvea.

ft. Itntarit.—Mononltronnphtliolene preacnta no flre harard In
•torage, but It haa the some toxic haurd aa other aromatic ultra-
componnda. '

BIT. Motion-picture flint.—a. Motion-picture film (except
nonlnflnmmnble fllm) ahould be atored In a cool, well-Tentllated
building of fireproof construction. "No amoklng" rnlea ahonld
be enforced strictly. All electrical and heating equipment ahould
be nafegunrdod. Any artificial beating ahonld be restricted to
atcnm or hot wnter. Quantities of less than 25 pounds may be
kept In I. O. C. shipping container^ but more than 26 pounds
should lie stored In atandard rentllated' cnblnets.

ft. ttatarit.—ronsesscs unusual burning characterlstlca. Haa
a high degree of Inflnmmnblllty and la aubject to exothermic de-
composition. All fllm should be kept In closed containers except
whnt la actually being worked on. The amonnt exposed ahonld
be. kept to n minimum. Scrap fllm ahonld bo kept acparate from
waste paper and rnbblrti, preferably tinder water. Burning fllm
produces toxic fumes which may prove fatal when breathed Into
the lungs. Fcrnmncl flghtlng flrea In motion-picture fllm will be
provided with suitable protective equipment

818. Nitrocellulose (nltroeotton).—<t. dun cotton.—This la
Ihe most highly nitrated cotton. Its nitrogen content to 18 per-
cent or over. Solnblo In ncetone, but only slightly soluble In
ether-alcohol mixtures.

ft. PyrocottoH.—Nitrated cotton having n nitrogen content of
12.5 to 12.7 percent. Entirely soluble In ether-alcohol.

e. Ptiro<rvHn.—Nltrnfed cotton with a nitrogen content usually
lens fhnn 12.5 percent. Soluble In amyl acetate.

<f. Of these, pyrocotlon Is of primary Interest from a mllltnry
point, ryrocolton Is the base of smokeless powder. When dry
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It Is sensitive to shock nnd friction. It In highly Inflammable
ami explosive; bnrim ro|ililly without nnioko and loaves n»
residue.

c. Slnrapf.—Nllmn-lliil«im> containing 2(1 ,T» permit molidnre
In Stored In alnc-Uned boxen or met si drums. Storage tit dry

^ nitrocellulose Is not. |iermlttod ns It Is attended with nil the
hazards of a scmilllve nnd ciislly Ignited high explosive.

/. llaxnrd*.—(1) Fire* Involving wet nitrogen nmy he fought
without fcnr of explosion. Fires Involving dry nltrocottoa
usually nre followed by detonation of the entire mass.

(2) NHmtlon Involvrs flrc ami fume hazards In addition to
those Incident to the handling of acid* only. Efficient ventilating
System* nnd wifely exits nre required for the operators. Nitra-
tion building* should have all snfcty nppllnnces and standnrdi
required under "Safety standards," such ns neutralising solo-
Horn, automatic sprays, and, as fur as possible, etioes, aprons,
gloves, etc., Impermeable to acids.

(3) In the boiling, beating, pouching, nnd wringing processes
tho hazards may bo thorn of dry nltrocotton due to process ma-
terial which has become dry. Protection ngnlnst this baznrd
lies In cleanliness. Low-temperature heating medium only should
bo used In thcue prows buildings.

(4) The drying of iillrmx-lhiliwo by the fnn system of warm-air
clmilntlon Involve* eonridrrnhle hazard. It will be resorted to
only for drying mnnll quantities for experimental purposes whet*
the umnl method of dehydrating nmy not lie applicable. Dry
nllroeellnlow! Is not only very raslly Ignited ami highly sennit In
to friction or Impact. Imt readily necnmulnlca Hlnllc charges.
Trays used for drying must be well grounded. The flow of air
should lie carefully controlled and the temperature not allowed
to exceed JW O. Drying must IKS conducted In a special, well*
Isolated dry honse, which must he thoroughly washed out after
each charge. All persons entering the dry house must wear safety
shoes and safely dollies. No tools will be permitted to remain
In the dry house.

810. Nltroglycerln (NG) (C,H,(ONO,),).—a. Nltroglyccrla
usually Is manufactured only as required In manufacturing opera-
tions. It Is stored for more or less Immediate use In special
nllrogtyccrln storehouses, which arc prows* building". It Is kept
under constant survclllnnec until It Is used.

t>. /fftMrtf*.—The ninnnfnrtnrlng processes are hazardous,
Nlnto Inws usually require Hie Hinges of ninmtfnctiirlng procesi
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to bo carried out In separate buildings, flra material being allowed
to Dow from one building to tho next through lined gutters.
Ihirlng nitration, cooling to Imperative. Drowning tanks must
bo proTldcd to receive the mixture should the tempsratnra rise
to Hie danger jwliit Utmost cleanliness Is required, floors
should be covered with lead nnd be without crevices of any kind.
Tho lend floor covering should be carried to the height of the
baseboard. All Joints must be "lead burned." Small quantities
of nltroglycerln may be neutralised or destroyed with sodium
Mlphlte-wood alcohol solution.' AH machinery, equipment, awl
tools are "special" In that they are designed for the particular
process and with full consideration of safety features. Frozen
nltroglycerln is particularly difficult to handle. During thawing.
Internal changes may take place which are accompanied by
evolution of beat sufficient to cause an explosion. Nltroglycerln
cannot be shipped by freight or express.

820. Oxygen (O).—<k Btongto—'Bj Itself In. open shade.
Containers: Tested steel cylinders of special construction.

ft. natardi.—A. dangerous flre hazard.
881. Oil, linseed.—«. 0fora<r«.—In general warehouses. Con-

tainers: Tinned cans and hardwood barrels.
ft. JT(Mftirtf4.—Fires from spontaneous combustion nave been

caused from linseed oil, soaked rags, and cotton waste.
888. Faints, enamels, Tarnishes, lacquers, japans, and

dopes.—o. Storage.—In general warehouses. Containers: Cans,
drums, or hardwood barrels. May not be stored nor used near
•pea fires.

ft. IJaeard*.—Always a flra hazard. Palnta with driers are
an explosive hazard. In buildings where paints and mis are
wed In connection with manufacturing or assembling process,
stocks should be kept at a minimum and a system of ventilation
controlling all vapors should be •• part of the Installation.
Rprlnkler and deluge systems an not recommended except aa a
control of secondary Urea. Flrefoams, pyrene, carbon dioxide,
carbon tetnchlorlde, and treated sawdust, are effective flre ex-
tinguishers ; water Is not effective as an extinguisher for large
oil flres.

883. Phenol (carbolic acid) (OttOH).—-a. Btong«.—Should
be stored In general warehouses. For permsnent or reserve
storage extra quality drums should be used, e. g., Iron lined with
chemical lead.
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fc. ItnearA.—When niniiufncliiml front Iwinwne I IIP hnmrdn nf
lN>n«eiM» HIH! KM rn|Nir* nre Inrlmleil. Heiixeno Innkx nlmuld I*
loenled underground. Cn refill conlrol of leinpernliire In I lie
KiilplumntltiR proem* IN required MI (hill rnporlKnllon rale In not
exeewlrc. The pn**lhlllly of iinmilphcimtcd tanzcne In the
necnmlnry procc** *honld be precluded. 1'rovMon for taking
care of tires In inciting |NI| Hlninlil lie innde. The melting house
should be prcfernlrty of tlrc-r<t<lxtnnt mnlcrlnl. Mnio storage
mint be entirely Rcpnrntc from prorerai building*, 'flic dlmolTlnn
nml (IN Hln I Ion |iromw glionld Im mrrliil out In n detnchrd
liullilliiK; nnlomnllr Hint nfT on connectloim nhnnlil be timtnlliHl.

224. Phosphorous (P).—n. !!'*»« titin.iphoru*.—(1) Wor.
Apr.—1'rrfrrnlil.r In nnmll qnnntltlcn In (minted hulUllng. Con>
minor*: RnhnierReit In wnler In wmlcil metnl remeln Indosrd In
wooden Imxeit or In mctnl drums. Mimt lie kept Above freezing
Uinnenttnn> to nvold InirxlliiK of containers with resulting flic
on exposure of the ithinqinnromi to nlr.

(2) /frmrrrf*.—DnnRrroun flre hntnrd.
o. KiH jihotphorti*.—(1) Mange.—In general wftrehoiMt*.

Contnlnern: Iron drama or flcnlcd inetnl contnlncn Inelnwd In
wooilen boxen.

(2) jfncnrif*.—Fomw vorjr tpnsldvp mixtures with oxidizing
nRenti*. A ilitnfteroiw tire himird.

22B. Pentaerythrltetetranltnit* (PETN) (C(CH,NO,).).—«.
fitoraffr.—Must he imrkcd wet with wit Inw thnn 40 percent by
weight of wnler In mrlnl ImrrolK, driuiM, wmxlen hnrreln, or
begM. In wlilrli the mnlerlnl I* pnrked In rlolli or rubber lmin.

h. Hnfnrii*.—In Ri'iirnil, they nre the nnmc nn for tetryl, ex-
rept Hint, thin mnterlnl Id mom nennltlve thnn tetryl, bnt not m
netialllre nn mercury fnlnilnnle.

22Q. Picric ncld (trlnltrophenol) (C.H,(NO,),OH).—<?. Sfor-
apr.—Plerlc neM mny lie i«toreil either wet or dry In mnRnKlmK

A. /fantrrf*.—The hnznrd* of mnnnfnetnre Inrlnde tho«« of
hnndllnir of rnrlonn rnw mnterlnln. Drowning, deluge, nnd
nnlomnllc iqirlnkler «.vi«|pins nrc iMirfTfisfnlly need In the mnnn-
fnrtnre nml hnmlllnit of thin mnterlnl. In the nitration pro-
t-es-ws nniplc Teiilllntlon mint lie. pnivldod. Teatn of dry picric
neld nhow Hint flren InvnlvliiR (Ills explosive mny he extinguished
with niiloinnlle sprinkler HyKtenw even nfler the explosive hnn
lieen well Ignited. Although Inrge i|iinntltlen of dry picric ncld
hnre been known to burn itiin|iletely without explosion, the
|ms«lhlllly of hiirnlng reuniting In detonntlon dlionld not be over-
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looked. When projectile* landed with picric ncld nre Involved
In n flre, delunnlJim of the confliml hcnleil cxfihmlvo bi ecrlnln.
Hnfcly Hliix-H nml mi My clothe* nre required In Hie mnnnfnHiiro
nnd liniullliig of thin mnlerlnl. 8nfely *hoen nre reqnlnnl In
Imlldlngn w hero the hulk mnlerlnl In being stored, either In wet
or dry form.

227. Potassium chlorate (KCIOi).—a. Btorapo.—Snme ns for
bnrlinn HilorntU

b. Jlaxiird.—Snme na for bnrlum chlorate.
828. Potassium nltrat* (niter, Mltpetw) (KNO3).—«. flf(or-

ago.~ln wnrehoimes preferably of the flre-renlatnut type. Com-
mcrclnl contnlnera. Unrrels lined with molnture-proof pnper.

ft. Jlnznrili.—It Is not readily. Inflnmmiible but when heated,
provides oxygen for violent combustion or explosions when asso-
ciated with Inflnmmnble or combustible materials. It Is es-
pecially hniiordons when stored with oils, tallows, sulphur, jute,
llhrons materials, adds, and carbonaceous material, such as
tags, boxes, or lumber. Carbonaceous material which has be-
come Impregnated with nitrate liquors Is highly Inflammable and
mihject to snontaneona combustion. Owing to Its high melting
point, exploHlons occur If water.comes In contact with the fused
material. For thla reason water should not be used on Urea
In which It Is Involved, unless the flre Is small and the available
amount of wntcr Is Inrge. Eire extinguishers for use In con-
nection with the mnlerlnl should be charged with carbon
(ptrnrlilorldc. ,

220. Potnsslnm perchlorat* (XC10,).—B. Storage.—Snme as
for Imrliim |ierrhlorate. . .

n. //<imrrfj».—Bnme n* for barium perehlorate.
830. Smokeless powder, pulverised.—«. General proper-

lle».—Bmokdess powder, pulverized, la finished nmoketoss pow-
der which Im* been ground or comminuted Into a finely divided
condition. In this condition, when dry, It to M high explosive;
drop test, 8 Inches (2 kilograms weight); rate of detonation,
4,500 BI. P. 8.

o. Storage.—It may lie stored with not lens than 20 percent of
wnter In mngnr.lnes. pnrked In metal-lined airtight containers
similar to wet nitrocellulose.

o. Hazards.—It Is safely pulverised In a water-saturated con-
dition.

410050*—41——II
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831. Sodium chlorals (MnCIO,).—it. fUm-niti: — Same nn for

nolasHlnm rlilnmlt*.
6. I In ?n I'll*.—Hlniiin oxUllr.liiK COIII|HIUIH|. Blltiltnr to jtotrm-

alum rhlnrale.
238. Sodium nltrnte (nitrate of soda) (NnNOO-—•*. Rlor-

ni/c.—It limy IKS stored In Imlk In well-built, nmliituro-pronf,
preferably llrc-reslstant. storage, or In hags, preferably under
like conditions. Sprinkler ami drenching system* should not he
iiwil In rnnm-cllnn with the storage of thin material. It should
not be stored In frame buildings or with other combustible mnlc-
rlnl. Wasting of raked nltrnte of soda when stored In bnlk
(without hags) la not considered hazardous.

b. JftifiriM.—When stored alone the haxarda connected with
andlnnt nitrate are negligible. When atored In connection with
Inflammable material, such nn the Imp* In which It In received,
or a building of frame construction, the ilra hazard la consid-
erable. Fire* In fillcn of bagged material which originated In
the Interior of pllea Ihnrngli attempts to loosen the material by
blasting hare been difficult to extinguish. Due to the high tem-
perature* developed In aodlnm nltrato Urea, water irned for ex-
tinguishing such Urea linn canaed aorern aleam explosions.
Munilne amllntn nltrato also releases toxic fnmea which may
prove fatal If breathed. Pcraonnel flghllng melt flrca will lie
provided with mltahto protective equipment

833. Sodium perchlorato (NaCIO,).—n. Storage.—Same as
for potamlnm perchlorate.

b. n«*irt».—Oxldlxlng material. Olamwd with pntamlum
liprrhlorale with rcniiect to flre and ex|4oalon liawiriK

834. Strontium chlorate (8r(C10i)«).—a. Blnrngr.—Hnino aa
for potamlnm chlorate.

ft. //rtrrirrf*.—Strong oxldlitlng agent. Siime as for pntamlum
chlorate.

836. Strontium nitrate (8r(HO,),).—a. Storage.—Store In a
dry place and prevent contact with combufttlhle nmtcrlnl.

h. /famrrf*.—Strong oxlillr.lng compound. The wood of bar-
rels or boxen may become Impregnated with the nitrate, In which
condition they may b? readily Ignited.

830. Strontlnm peroxide (SrO,).—«. Bloraptt.—Store In
tightly closed metal containers In n cool, dry warehouse. Do not
store with starch, sulphur, powdered metals, or other similar
combustible material.
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ft. ItatarHt.—Oxl<llr.lng material. Hearts with water to pro-
duce oxygen. Smother flre with sand, sullen, dry earth, or rnck
dust Do not use water.

837. Sulphur (8).—o. Sttyrapd.—It may he stored In bulk or
In uhlppltig containers In warehwnsrs, but preferably In Inde-
pendent buildings. Shipping containers: Preferably wooden
barrels coopered with steel.

ft. llamrdt.—Ignites readily by flame. In small quantities
burns slowly, with n relatively cool flame, forming sulphur dioxldo
(HOi), « suffocating gas. In the presence of carbon, lampblack,
fats, and oils It may promote spontaneous combustion. With
chlorates and phosphntes, or other oxidising substances It forms
highly sensitive explosive compounds.

838. Thermit—*, etonge,—General warehouses. Contain-
ers : Iron drums.

ft. ttatnrdt.—A flre hazard. Cannot be extinguished with
water or chemicals. Control lies In holding ores Ignited by
thermit In check until the molten materiel has cooled off.

839. Toluene (toluol) (OH.CH,).—«. Storage.—Same M for
benxene.

ft. /foirard*.—Same as for benwne.
840. Triaite,—«. O«a«ml tnterUn*.—Trldlte la an arbitrary

name given to a bomb and projectile explosive composed of a
mixture of picric add and dmltrophenol. The melting point to
between 86* O. and 90* a The spedflc gravity la 1.64.

ft. Blorape,—Trldlte. If manufactured and boxed, will be stored
In stsndsrd explosives boxes, lined with waterproof paper, in
explosives magaslnes.

e. H«:ar«*.—Similar to plcrk acid nnd dlnltrophenol harards.
841. Trlmontte.—«. Storage.—Same aa required for picric

acid.
6. ffowrd*.—Same as for picric acid, TNT and other high

explosives.
848. Trlnltrobencen* (OH,(NO,).).—«. Storage.—Same at

required for TNT.
b. /fiuwnr*.—Bxploslve and toxic haxard similar to TNT.
843. Turpentine (0»H»).—«. Btmvg*—In general ware-

houses. Containers: Cans and hardwood barrels.
b. /fiirfirrf*.—A dangerous flre hasnrd.
844. Xylene <aH4(CH.)i).—«. Wore**.—Same as for ben-

eene.
ft. ttatatit.—Same as for bemene.
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231. Sodium chlorate (MnCIO,).—it. Kli>ran<:— Rnmo a* for

potnuHlnm chlornlr.
b. ffuMrrf*.—Htrnng oxIillr.hiR riini|)<iun<t. Hlmllnr to )K>tnn-

alnm chlorate.
830. Sodium nitrate (nitrate of soda) (NnNO,).—<*. Klor-

Hfft.—It nmjr Ins stored In linlk In well-Unlit, molM lire-proof,
preferably llro-resl*tnnf. storage, or In Img*, preferably under
like condition*. Sprinkler nml drenching Hyslonm Rlionld not he
lined In roiiiK-rlldti with the HlnniRC of (Ills nmto.rtiil. It should
wit be stored In frame buildings or with other conihii*tlble mnto-
rlsl. Hlnctlng of cnkcd nitrate of soda when stored In bulk
(without. bng8) In not coniridcred hnznrdous.

b. Jfnwnf*.—When stored nlone the hnmrds connected with
sodium nitrate nrc negligible. When stored In connection with
Inflnmmnhlc mnterlnl, such ns the bags In which It In received,
or n building of frame construction, the fire hnmrd In contrtd-
ernhlc. Firm In pile* of Imaged mnterlnl which originated In
the Interior of pile* through attempts to loosen the mnterlnl 117
blasting Imvc lioon dlfltettlt to cxtlngnl*h. Due to the hlRh tern-

i deretnped In 8mlhim nllrnto flren, wnter UWH! for ox-
mirh flren linn cnnxcd rarere nlenm cxplimlonn.

HnrnhiR nodlnm nltrntc nlno rolcnwn toxic fnniun which niny
prove fntnl If hrenthcd. Perimnnet fltditlng such llres will lie
provided with mltnhle protective equipment.

833. Sodium perchlorate (NnCIO,).—a. Storage.—Snme ng
for pntnmlnm perchlorate.

6. Ifamrtf*.—OxIdlxliiK mnterlnl. Ctnpswl with potnmlum
lirrchlornle wild rr«|iect to flro nnd explonlon lin»inls.

834. Strontium chlorate (Sr(C10,),).—«. Blnraor.—thimf: nn
for potassium rhlornte.

b. ITffranf*.—Strong nxldlr.hig ngont. Sumo n« for p«>tnsslum
chlorate.

835. Strontium nitrate (Sr(NO,)t).—a. tHoragc.—Hlnrc In a
dry plnro nml prevent eontnrt with cnmlnwtlblc mnterlnl.

ft. ffamrtf*.—Strong oxidising componnd. The wowl of bnr-
rels or INIXOS mny liecome Impregnnlrd wllh Oie nltrntc, In which
condition they mny be rendlly Ignited.

830. Strontium peroxide (SrOt).—«. Sim-aye.—Bloro In
lightly closed motn! cnntnlncrs In n cool, dry wnrehmwe. Do not
More wllh slnrrh, sulphur, powdered metal*, or other similar
combiwllblo mnterlnl.
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b. jr<i*irrf«.—OxIdlRlng mnterlnl. Henet* wllh wnler to pro-
dticc oxygen. Smother Ore with sand, nidieH, dry enrth, or nick
dmt Do not n*e wnter.

837. Sulphur <8).—a. Storafffi.—tt mny be utorcd In bulk or
In shipping dtiitiilner* In warehonnrs, but prefcrnhly In Inde-
pendent buildings. Shipping containers: rreferably wooden
bnrrcls coopered with steel.

ft. J/n«wr<f».—IgnlteH readily by flnme. In smnll quantities
burn* slowly, wllh n relatively cool flnme. forming sulphur dioxide
(HOi), a suffocating gns. In the presence of carbon, lampblack,
fnt*. and oil* It mny promote spontnneons combustion. With
chlorates and phosphates, or other oxidising substances It forms
highly sensitive explosive compounds.

838. Thermit.—*. Storage.—General warehouses. Contain-
ers: Iron drums.

b. ttrt«M<f».—A lire hazard. Cannot be extinguished with
wnter or chemicals. Control lies In holding fires Ignited by
thermit In check until the molten mnt«rlel bns cooled off.

830. Toluene (toluol) (CVH.CH,).—«. Storage.—-Same as for
benzene.

b. H«*wd».—Same as for bencene.
840. Trldlt*.—«. Otnernl proprrHr*.—Trldlte Is an nrlillrary

nnmc given to a bomb and projectile explosive composed of a
mixture of picric acid and dlnltrophenol. The melting point to
between W O. and 00* O. The specific gravity Is 1.64.

b. Storage.—Trldlte, If manufactured and boxed, will be stored
In ntandnrd explosives boxes, lined with waterproof paper, In
explosives inngnulne*.

n. Hazard*.—Similar to picric aeld nnd dlnltrophenol haxards.
841. Trlmonlte.—«. Btoraae.—Bame aa n-qnlml for Jrtcrlc

ncld.
b. Itaxard*.—Same as for picric acid, TNT and other high

explosive*.
848. TrlnltrobenBMi* (OOMNO,)!).—«. Storage.—Same as

required for TUT.
b. Ilaeardt.—Explosive and toxic hacard similar to TNT.
843. Turpentine (0»Hn).—*• Btorat«.—ln general ware-

hmise*. Containers: Cnns and hardwood barrels,
b. l/««rr«M,—A dangerous flre linnird.
844. Xylene (C3Jl4(OH.)i),—«. Btorage.—Same as for ben-

zene,
b. naratdt.—Boinc as for bencenc.
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PART IV
SPECIAL SAFETY REGULATIONS FOR THE STORAGE

AND HANDLING OF CHEMICAL AMMUNITION
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SECTIOW XXIII

GROUPS OF CHEKXdAX. AMMUNITION

ttellnMInn of "rlietnlcfll nminnnltlon" —— . ——————— ... ——— _ — 24(1
Uroiiplupt of nilliiM _____ —————— ____ . __ . _______ 2-16

245. Prflnltlnn of "chrnnlciil •mmnnlllon." — Tlio term
"rlipinlciil nniiniintlon" In uncd to deiHRimta n Tiirlctjr of forum
of nrtlllcry nlioll, c-limnleiil mortnr shell, llretiR projector Blicll,
nlrplnne bonilw, Krenndcfl, cnndlea, mid contnlncra which c»n-
Inln clicmlcnld nnd en mint be ctaMlfad proiicrljr M high enplo-
tlvos or ulirnpntl. The rnnln types an:

n. Arllllery sliell, dicmlcnl and rnnoke flllcd.
A. Clioitilcnl nlipll, chemical and smoke filled.
r. Alrplnno hoinlm, cliomlcnl, smoke, ami Incendiary flllcd.
rf. Grenndrn, chcmlcnl and mnoke filled.
r. CoiitnlnerF, chcmlcnl and smoke filled.
846. Grouping of fillings.— For the purpose of storage,

rlicmlcnl nmiiiunltlon Is divided Into fonr groups according Id
the nature of the fillings. Not all of the fillings listed In the
sccomnnnylng tnhnlntlon are used currently as shell fillers, but
mny lie encountered. The groups, together with their fillings
and markings, are as follows:

rwn
Drmhol

US

M-l

DM
PA

riu

onour *— ntnmnNt
VMICINTI

Mustird.. ............ ...
UwWto... ...............

OHOUr »— TO«K! AMD
•MOIIB 1

Murk

Proswrt

B8-OAB,«adSliMd«
(•lllnnMB).

M-I-OA8, Md S
tan* (ill In (1MB).

DM-aAB,nmllh*n.|
(Ullnrad).

CN-OA8.MHllb«nd
(•II land).

IlKd

OM

lr*db»ndi.
NOM.

"IJM TOXIO **
OA8-OA, *M 1

hMHb (nil ID
"CJ??" In red, w

"CN" »IH| 1 r«d
tnndi.

$
K
h

<S*

•i
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rwa
Rynilwl

n
PR
NC

DA
ro
KI
PS

FM
CNS
CKn

WP

Til

tin
«'N
DM

CN-IIM

Nnm*

..........._.
IIIHUf «— KIMT a Jilt

•MllKf. CiHIIlHUtnl

f 'hloflne..... .............
(M i l n a a l t i a lu

Dlpw-nyWilornrslii*

Pnltiir Irbnbte-fhlnrait.
lonhi nthl mUtiirc.

Tllnnlum lelrnchlwMF
"IllWf MC0 1 O|MWIIOilW HWl"

Ihm.
rhlornratonlierMm mta-

Ikm.
imnur r •-urnHTANr.ni'ni.T

INFI.AMUAKI.lt AIIRNIll

tlRovr n- mrrmnA«r
ASI> nr.AIHl.T INriAH-
MAKI.K AllENtg'

llrinHilnrrihniHi l«irn-
Inr mlihirKi.

Ilitrnlnt minium «l »'N
HninlitK mltlirm nl DM
Itnrnlnt inlxlnn^ nl I'M

MM) DM.

Mnrk

I'ri^rnl

fMIAS, nml 1 Imml
(nil In errrnl.

PM-IIAM,nml2lMinih
(nil In Rrrrn).

DA (1 A?, nml 1 Imml
(nil In ml).

(•(l-IIAH.nmllbnml
(nil In ureen).

Ffl-RMOKR, nml 1
PNTsklToKK. nn." i

Imml(nlllnyrilow).
CNH-IIAH. nml 1

Imml (nil In rwl).
ONIl OAH nml 1

Imml (nil In red).

WP-PMOKK. mil 1Imml (all In yellow).

TM-INCRNItlAIIV.
nml 1 Imml (nil In
|mr|n».nc S.MHKK, nmt i
ImmKnlllni-Hhiw).

(nil In rril).'
DM llAM.nmlllwml

(nil In rnl).
TN- DM II AX. nml 1

Imml (ill In roil).

lie*

(ibl

Num.
I reil nnd 1 whileImml.
UAN-NI!. MM f

Immh (nil U
trrrn).

1 wlill* hnml.
2 while Immh.
OAfl-RI. (ml 1

Imml (nil In green).
Num.
S yellow hnmli.
None.
None.

1 yellow Imnn.

"TIIKHMIT."

NlHMt

Norm.
Num.
Nnn*.

i f-N nml DM m Ihlml In KTOIIII II rnte» In then rlMinhnHi In hulk or ** dwmktl
> llcmiilwiitylrynnldi'. nlnnmV rlilnrklo, nml rhlnr|ilrrln-!ilnnnla chloflth) hnre

lirtn iln-lnrril olwJflr, Mil mini) iiimnllllffiiof then* mnli-rhiH nrnrllll In ulnrnt* nml,
tlwredirr. II hrwwhlftHil^lmlile Inrrlnln Ihrm Inllihlnlik*. Thnlirewnlmnrk-
lne« for the*e llcmn will Iw ilmnne'l la iihl innrklni;?, nml llwre will Im no |

• In Oroun It Hie rhcmlmhnr« inl»f I n-llh 5nmll-i;ralii$niokrl«!Ui|iowilemn nillDt
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XXIV
OEMERAL RULES FOR STORAGE OF CHEMICAL

AMMUNITION

llmcrnl riih-ii ___ .--...-.-..,.-._.- — ..— — ._._ —————— . J47
Hrporl nn taking nmmnnllon... _ —— ... _ — ——————— . 94N
Krimrt of lnjiirl.1. — .. ———————————————————————— JM»
Rpprlnl ninlpmrnl. ——— — — ———————— - ——————— ... ZOO
Protection of nrmmim-l — . —— —— . ————— . — ... ———— .. — 3BI
HlRnii nn tniKaxImt rhMirn —— .. —— ———————————————— ..... 2Ti2
ItlniNHilllon of drfcrllve ninmnnllim ———————————— . — . — . SKA
I'nrMiiK, mnrklnit, nml KlilMilnE ——————— ————————— --. 2M

247. General rules.— a. Tim ccncrnl rolM for nMRnxInm nml
«tornK<« will IK- followed nn «ct forth In pnrt I of thin mnnnnl,
with (In* nilillllons nml pxceiilloiw «• hcrelnnfter irtntwl. De-
tnllril limlrurtlaiM covcrliiR chemlml mnmiinltlon m«y be found
In KM 3-15, Oliemlcnl Wnrfnre Service Field Unniwl.

ft. WliPirevcr fioflBllilc, encli kind of nwtorlnl wilt lie Btoreil
wpnrnlrly. However, nnleiw prohibited herein, chemical nm-
iniinlllon Items of the mme Rroup (Bee XXIII) mnjr be ttorwl

f^icmlcnl nmmunlllon of two or more groups of flll-
will not Im Rtorcd together except upon tipoclflc npprovnl of

the Chief of Ordnnnce.
r. Clicmlcnl ninminiltlon will be utored In nccordnnre with

i-tirrent onlimnce drnwIiiKK except for those lots for which >pe-
clul hiHtrurlloiis nrc Imnod liy the Chief of Ordnnnce.

<t. Amnitintlon will be hnndled cnrcfully. It must not be
ilrniUKMl or nniiocpswirlly Jnrred. • The mmc mechnnlcnl equip-
ment for IIM lid)! ng mny lu> iiNril an Indkmteil for blirt»-ex|ilo»lve

of the mimn Rlzo nml weight.
C. In nny tpiii|K>rnry emergency, nccemltnllnR Htorngi* ont-

overnight or for n longer period, chemlcnl nmmnnltlon
will IH* covered wllh n tnrimtilln to protect It from the direct
rnyn of the cun nml from rainfall. Ammunition will be piled
to |)oriiilt free clrctilntlon of air.

f. Oliemlcnl nmmnnltlon must ho Inspected nt regnlnr Inter-
VII|R — nt lenst Rcmlnnnnnlly — to determine the condition of lire
imltit, or other riist-prercntinf covering. If deterioration In
found, Immeillntn corrective mensuret will bo taken, an outlined
In pn Digraph 258.

(/. The 1-tnn containers should be stored, preferably under a
Bhrd or other o|icii-Blde protection, to allow handling with a

lf"V;
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cm lie. The cliril should |H> nf xnlllclcnt Mlr.e to protect cnniahicrii
from rain. If Nlored In an often shelter, containers mnst lie sup-
|n>rlcd nlMive the Rriniml.

2-18. Report on leaking ammunition.- it. Any ehenilenl
iiitiiniiiilliiii fiiniid In lie ihiimtKnl or hiikliu:, will |M> rc|Nirlcd
Immediately In the nllltfr In charge of the iimRnr-lrn'M.

d. A re|Mirl will IN* niiide lo the Chief of Ordnnnrc on all
chemical itininnnlllim found In a dnniiiReil or leaking condition.
This reiiort will liH-lnde the following duta:

(1) Tyjie and n mount.
(2) I<ot nnniher.
(.•I) I talc discovered.
(4) l>cfallcd Information regnrdlng the nature of the leak,

and whether It apiicarcd to have lieen cruised by defective mate-
rial or linpr»|ier hamlllng or imrklng.

(t!) I>lx|xiKllloii. or In the event that Inimedlnlc dls|M>sltlon la
not required, recommendations for such disposition.

o. A copy nf this rc|Nirt will be forwarded direct to the Chief,
Chemical Warfare Service.

240. Report of Injuries.—Injury repnrla In duplicate, pre-
pared In accordance with existing regulations will lie forwarded
promptly to the Chief of Ordnance, who will forward one copy
to the Chief, Chemical Warfare Service.

250. Special equipment.—a. The extreme danger Involved
In working with chemical ammunition cannot lie overemphasized.
Iteransi* of this danger all personnel who work In magazines
or buildings modelled In chemical slomgp will he provided with
appropriate protective cqnlimicnl. liefer lo |mragra|ihs 257,
an, 273. 281.

n. Where siicrlal equipment Is pliirrd as called for In the fol-
lowing sections nf thin manual (under the sjieclnl rules for Inn
•loragc of various groups of chemical ammunition), a list shall
1m poxlcd showing the quantity of eneh Item required. This
S|icclal cqul|imcnl shnll he replenished as required to maintain
the full quantity In serviceable condition.

c. All required special equipment will lie so marked as to pre-
clude pnwlhle intMipplleiitlon.

rf. S|H<clal equipment will be ln<<|iertcd to note condition and
compliance with rules at each n-Riiliir lns|iectlon of the maga-
Klnes for whlrh the equipment Is provided.

251. Protection of personnel.—a. Protective and first-aid
equipment will lie provided for those employees handling dcfce-
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tlve or lenky chemical ninmiintlon. For further Information on
Ural-aid iiieiiHiirca see TM 8-280, Treatment of Casualties from
Chemical Agents.

6. Protective, equipment which haa become- nnnerrlcpaMo will
!K> proni|Hly replaced. The olllrrr In charge of cat-h establish-
ment In which protective, equipment Is on hand will have thla
equipment Inspected aa often aa la neceamry lo Insure service-
ability.

«. PenHinncI must waah their handa thoroughly with aonp and
water after handling chemical ammunition and particularly be-
fore eating.

252. Signs on magazine doors.—There will be posted on
the doors of all mngaalnea containing chemical ammunition
appropriate signs such as shown below:
• a. Btfln$ for group A chemical ammunition mtipatfitc*.—"Thin
magazine rontnlns chemical ammunition of group A (blistering
agents). Complete protective equipment must be worn to avoid
burns, If leaking ammunition Is present"

6. Slant for group B chemical omm«M(lfoMi mapattnct.—"This
mngnBlne contains chemical ammunition of group B (toxic and
smoke agents). Mask must be worn If odor Is present"

0. Sign* for group O chemical ammunition magazine*.—"This
magnclne contains group O chemical ammunition (spontaneously
Inflammable). If (Ire breaks out, put on asbestos, or heavy
leather gloves and place burning component In water."

d. Btgnt for group D chemical amnuintHon maga»inc».—"This
magar.lnn rontnlns group D chemical ammunition (Incendiary ami
readily Inflammable). Don't use water on Area In thla building."

853. Disposition of defective ammunition.—a. The meth-
ods prescribed for the disposition of defective chemical ammu-
nition In the following sections of thla manual, imdcr special
rules for each of the several groups, contemplate the destruction
of the small number which ordinarily might be encountered.

b. Under eiceptlnnal .circumstances where large quantities of
ammunition are Involved the disposition wilt be, 1C practicable,
by order of the Chief of Ordnance. However, If thla delay la
not feasible, destruction will be accomplished by methods decided
upon by the responsible officer. The methods employed will be
predicated on the properties df the fillings aa stated herein, but
need not follow literally the methods of destruction specified.

854. Packing, marking, and shipping.—Chemical ammuni-
tion and components will be packed, marked, and prepared for
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nlilpniiMit In nieordiiiiee wild urdiitinei* drawing* nnd s|M*clflcnllons
for other aniniiinllloti. \Vdere nppllciilile, I. <!. O. rcgnlntlons
npply In Hie shipment of edeinlrnl nmiiiiinlHnn. In brief, these
provide Hint ImxcK niiixl !N< ninrhed with HIP mime of content
mnl Inhi'leil IIH prcM'Tlded by H|iefllle rcmidilloiiH. All cimlnlncrs
tnilNl In1 Hghlly mid M-elirely elosed. Inslile cniilnlllprH IMilMt do
eiiMdldiKHl. Slowing, loiiillng, nnd linn-Inn nrp very lni|Nirlnnt,
I'nckneps innsl be hiiiccd HO Hint xhlfilng will not occur. In
general, INIXPN Hhinild ln> flowed on the most uliidlt- side nnd
arranged In such a initiincr Hint HIP Joints between iHixes are
slnggi>red. The end of each Her of INIXPN should Im braced with
a pining. well-coiiHlrncleil WIHN|PII brnce well nulled to the floor
and the sides of I do cur or oilier conveyances, hut not to the
boxps theniMplvcs. Dnrrcls or large drums stow mid brace liest
when standing on their ends. Cylinders and small kegs stow
and bmcc Ixwt on Ihclr sides.

SECTION XXV

SPECIAL SAFETY REGULATIONS FOR GROUP A CHEM-
ICAL AMMUNITION (PERSISTENT VESICANTS)

1'nrHRrnph
Dnvrlptlon of group A Illllneit..._.-.___——.----„__ 20K

.———...————————..——— 2fiO

.. — ........ .....__——__ SfiT
— ..-.._____..........__ MS
......—...——_—.... no
__.___________ ami
—— ....____..___.. am
_. .... ......... ... ——.. 202

Bin-Hit! P«nil|wiifnl
Mrnf Hid ————— ...

nmmiinlilnii.

Hi-moviil «f c|»lll«l miwlnril.
Wrr In IIH iimtiinlhi'.. — ...

855. Description of pronp A fllllnBti.-it. Mimlnnl (<WH
xymlHil, IIB; i lirnilcnl mums lilM-lM-liM-lilorplhylKiiindp) HH Illliil
In nniiilHiHiH IN n lli|iil<l, ilnrk drown lo blnrk In color, melting
nt W F. lo CO* P.). Its odor l» rnlder fiilnt nnd miinewhnt like
ImrsenidMi or Riirlle. Iln net Ion In Hint of n yoftlcnnt or dllstpr-
IIIR iiRi*nt. The liquid, or rii|ior Iderefroin, CIHIMI-S Inlcniw .In-
flnmmnllrai which mny prnm>il to dllMcrliif; of nny nkln or
nieindrniip wild which II COIIIPS In conlnct. It CIUMPH rpddeiiliiR
of (hi* pyes (ronjiincHvlHK), linrnliiR of HIP now HIM! tdronl,
Inflnininnllon of (he Irnchrn (windpipe) nnd hingfl, mill IntrnlnR
or dllstcrhiR of (lie xkln. Tdpse p.riniilonm dpyplop 4 to 24 honra
nflrr p*|HWiirp, I dim plvlim no wiirnliiR Hint n IMMWHI In Ix-liiR
Imrncd. An pxtrpini-ly Pllgdl coiici'iilrnllon will cnusp very
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upvprp Imriw. It cnn IIP dptepteil liy UN odor In any concentration
likely lo produce titirnH. However, one rnnldly bccoinps nccw-
tonuil to the odor so Hint after a few minutes' cxpomirc the
mnell In no loncpr nolk-cil. Wltcn n dmiReroiw cotieiiiilrallon of

IN deld-lcd. It In absolutely pHwnllnl Hint nil «n|iro-
|ierm)iiiH'l IPIIVI- the mnxnclne nt once. Any work dinm

IherenDi-r Hhould !H> iierforinvd by ntea completely imitected,
wrnrliiR RIIH iniixkH, protectlva clothing, prolcctlvo gloTts or
mltlenit, and protective shoes or boots.

6. LewMIe (CW8 symbol, M-l; chemical name, B-chlorvlnyl-
dlchlorarslnc) like mustard Ims strong veslcnnt properties and
Is a powerful lung Irritant Ita vesicant action Is not delayed,
however, nnd the blisters differ In appearance from those pro-
duced by ntnalard. Lewisite^ being an anenons compound, baa
the additional property of entering and poisoning UK blood
ttream. It Is classed as a persistent agent, but Is readily liydro-
lyceil by water. However, the hydrolysis product formed la
Itself a veslcnnt and very toxic, and contaminated areas will
remain dangerous for a' long time. Lewisite when pure la a
colorless or slightly yellow liquid, but the product as usually
prepared Is a dnrk green oily liquid. It has a faint but unpleas-
ant odor wdlod resembles geraniums. The vapor causes a very
dlmigreeiible burning nensntlon In the nose and throat, and some-
times violent sneezing. Tills material Is practically Insoluble
In water, but la rendlly soluble In absolute alcohol, bensene, kero-
sene, olive oil, liquid petrolatum, and other solvents. Woolen
clothing gives some protection against M-l vnpbr. Wet wool
•Iwords more I linn dry wool, hydrolyclng Urn M-l. Most closely
woven riihlierlxcil fabrics, as well as leather and rubber, offer
little rrxlfidiiico to penetration by liquid M-l. Lcwlsllo Is de-
stroyed by an alcoholic solution of caustic soda. Chloride of
lime may be used to destroy It In the Held. M-l docs not attack
•teel appreciably, and no special lining Is necessary for shells.
Thin materlnl wns not used during the World Wiir.

856. Storage.—a. Ammunition and components with group A
filling will not be stored lii magazines with wooden floors. They
preferably should be stored In magazines with concrete floors.
The floor shonld be treated with sodium silicate to render It
nonabiiorlient The use of rubberold or other floor covering Is
prohibited. At all ordnance depots and storage points, ammu-
nition of class A will be stored In fireproof magazines.

M4̂
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b. The slight odor of niuwlnrd or lewisite In n inngaelnc may

not always Indicate Hit- prcwncp of Imklng nniinunlthm. How-
ever, exresHlve rout-culm I IOMH uf fiimi'M do Indliiili1 Icnklng nnt-
innnlllirti. FurwiH-n, |IIH|M-»-|OI-M, or iiiher nollmrlwil jtcrnonM whn
are IhoroiiRlily fninlllnr with work In i;ingnr.lni>H wminlnlng these
agenlH nniHt Im present when n magnetite IK o|M>iml, In order to
drtcrmlnn whether or not the mngnclne contains leaking
ammunition.

r. It It In decided (lint n magazine contains leaking nmmnnl-
tlon all personnel nnmt put on protective clothing and equipment
before they enter I ho magazine. All windows nnd doom of the
tnngaslue will he upcned nnd n search conducted under the direct
supervision of mime responsible officer or foreman until the leak-
ing ammunition IB located.

<f. Unboxed ammunition or containers flllrd with MS (or M-l)
must IKS handled only by personnel wearing protective gloves or
mittens.

c. The officer In charge nf the storage of mnnltlonn In thin
group trill came frequent Inspections to be made to Imure com-
pliance with regulation* nml to ascertain If leaking ammunition
IH present*

f. 8»me unboxed nhcll miw In Rlorapn nrc covered with cornno-
line. Thexe should not lie M on readily combmtlhle material
•nch as wood hrcnnm*. In wnnn wenlber, this coating Imiiregnates
the wood thereby Increasing the fire hamrd.

857. Special equipment.—n. Tlie following protective equip-
ment will be made available when men are working In inngnclnes
where thin material IN stored:

(1) Bertlcc gas mask*.
(2) Protective clothing.
(8) Protective footwear.
(4) Protective glori>s or ml I tens.
(It) Oonnnorrtnl hl«*nch or chhirldo of lime (calcium oxy-

cblorlde containing not lew than !I5 percent chlorine (100 pounds
tor each ton of 118 up to n total of 2 barrels of bleach).

(0) Iron Innks of such size im will readily contain the largest
shell or container In storage, preferably equipped with handles
(65-gallon drum nml forger rxccptcd).

(7) Klmt-nld equipment to Include: Twenty tubes Protective
Ointment Ml; 3 down clean llnnnel, or cotton cloths, 1 sq. ft., or
equivalent; 1 pint of n solution consisting of 10% sodium
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bvdmxlde, 30% glycerin nml flO% water, to be labeled, "F>w
ItKHOVATi or LKWI81TB—BXTMNAI. t)SI OltLT. Do MOT UflB Iff
KYKR"; one syringe, or douche cup; 1 nose cup; R supply nf
lump nnd water.

b. OIK* imrccnt sodium bicarbonate solution, and saturated
boric add solution will freeze, so It may be ItnnractlcaMc to
store them as solutions during the winter months. In this ease
the requisite amount nf sodium bicarbonate or boric acid should
be kept In n 1-plnt bottle or Jnr; labeled and corked. To use. All
with water nnd shake thoroughly, after which It may be applied
as directed In paragraph 2"i8 of this section.

868. First aid.—All agents classed as "vesicants" have also
• powerful lung Irritant action.

a. Hn*t<ird 009.—(1} The casualty Immediately shonld be
taken out of the contaminated atmosphere or area and his
contaminated clothing removed. Any portions of the clothing
splashed with liquid mustard should be cat away. If the face
has been exposed, wash the eyes and rinse the nose and throat
with a saturated boric acid, weak sodium bicarbonate, or common
mlt solution. If the vapor has been breathed, he should be
treated nml handled as n lung Irritant casualty. (Asa see par.
200a.) First aid must he prompt, for little can be done later
than 20 to 30 minutes after exposure.

(2) Vapor burns on the skin may be mitigated or even pre-
vented by thorough cleansing with soap and water (preferably
hot) Immediately after exposure.

(3) Mustard burns or skin areas wet'with liquid mustard
should he Immediately and repeatedly swabbed with Protective
Ointment Ml. The ointment should be thoroughly wiped off
after each application.

(4)'Fresh cloths should be used and the spreading of con-
tamination should be avoided. After cleansing with the oint-
ment, affected parts shonld be washed thoroughly with soap
and water. Cloths used In removing liquid mustard become
contaminated and should be burned or hurled after use. A
weak, freshly prepared solution of chloride of lime and water
tuny Im used If protective ointment Is not available. This mix-
ture Is Itself very Irritating to the skin and must, therefore, be
removed by subsequent washing with soap and water.

(5) Fresh, uncnntnmltiated clothing must be supplied where
necessary. All casualties should be evacuated as soon as possible.

•
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ft. ls>rl*llr.— (I) 'l'n IK' nf nny value nitiiliiHl I/owlftlte, flrrt-
nId inenmircs miiHt In* lustMilled very simii nflcr extmmire. The
treatment IN slmllnr l«> Hint for mustard.

(2) Wllh l<cwb<lli> linriiM, whether fnnn vnp<ir nr liquid, the
diuiKcr of pnbuiiilng fnnii itlmorticd nrwnlr fnt* ovorHlindow* HN>
i-fTecl of UK* arlrnil Imrti. Therefore, It. In Inqictiillve l«i neutral-
ize, If iwfwllile, nny amenta present niul tint yet. nhxorhcd. Thin
limy Ins nmompllxhcd by (lie linmedlnte nppllcnllon of mnnr
hydros-ring nci-nl. The solution of sodium hvdroxldc (cnustlc
WHMI) In glycerin linn liren found very i-lllcleiit If applied MKHI
cnoufch. Following tlm hydroxide solution, soap and water
should lie lined.

(8) Fresh, niKHiHlninlimtrd rlotliltifr miiMt lie mip|illn| when
nwwinry. All atmmltleii «li<nild IN* I'viicunlpil nn toon m
iMMmlhle.

859. Lenklnff ammunition.—a. When talking ninmunltlon
or rnmnnnrnlM nre Inrnlcd they will lie dlntmMed of nt tlie dlrecllon
of the officer In dm rue.

ft. At nil time* dnrhiK the timidllng «r dl*|MMnl of Icnklnn
nmmniiltlnii ndrtpmle protective clotlilnn nnd eqnlnment will be
worn by ench prrnon m engaged.

r. A IrnkliiR nhell or <imi|Miiient will IM* hninerwd In frenhly
prrimrrd blrnrli nnlnll»ii nml I lion removnl duwn wind from the
nuignciiic area. The bleach solution nhonld be prepared In Iron
Innkn large enough to rontnln the Mirll.ln qnpstlon. The wiln-
lion In mndc tip with !l |Kniiuls of chloride of lime to each gnllon
of water thnronghly mlxrd.

if. Depending on Ihe fnclllllra nrnllnlilo, the flinil dlM|iowil of
bilking nholl or «'oni|H>nriits xhnitld !N» nmdc by one of Ittt
following nii-llKMls:

(1) In H hint Ions where purli flirll CMII be dropiml Into deep
ocenn water, thin In Ihe preferred method of dli<|M>fflil. (Bee In*
fltriHTllonn n>gnri1lng (iiimiilllng |mrt niithorltloK In pnr. 65n).
Wln$rc(lln|Hi«nl nl m-n Is linpriictlfiiblf, nnd n miflh-lenlly iRolntrd
arm In nvnllnhle, the ulirll should !M> rxpliHlml by ntntle flrlng.
The |Hilnt where the Rlii'll Is i-iplodnl should lie rhiHien no llmt
lirrwNinol ran lie excluded for n iterlud of npproxlmntely 48
bonrK from the nren 1 mile downwind from where the cliell tot
cz|tl<xlml. Also |ien<oiinel miixt lie prevented from imcwlng within
a dtatnm-e of inOynriln from tin; point where the Bliell Is exploded,
for a period of about 2 weeks.
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(2) TVhrrc conditions do not. permit, of lining either one of tlm
two methiNlM nlHive oiitlliinl, It In nnggented that n nnmll hole
(nltont one-fourth Inch) lie drilled Into tho fold npnco of the
shell. A bnndfnl nf wnnlo or clotb wnddliig mitnrntcd with
R |M»rcent bhiichlng powder solution Hhouhl be Md aroiiiMl Ihn
point wltere the nlicll in bcliiff drilled, to nhnorb nny HB rn|n»r
eniltleil when the drill plercen tlie nhell. Ilie hole In then retimed
or drilled to n dlnmeter largo enough to allow the HS content of
the nhcll to lie poured out The contents of tlie nhell nre poured
onto R pile of loose enrlh and blenching powder mixture In tlie
bottom of n hole about R feet deep, dug at leant 200 ynrda from
well nltra. The pile of looms earth and blenching powder mixture
In tlie bottom of Oio hole RhonU comlat of nn Intimate mixture of
nhout 1 bushel of loose enrlh and 1 uinhel of ordinary bleaching
powder (85 percent nvnlmMe chlorine). Tho emptied nhell
nhould Im placed on top of the blenching powder, nml the hole
buck filled to within n foot oe m of the top. Then, approximately
n bnrrel of water nhonld be<poured Into th« hole, and the back-
filling completed. If HTH (blenching powder containing about
115 |H>rcent nvnllnhle chlorine) In used Inntead of ordinary blench-
ing |Miwder In thin method of dlnpoml, only about half nil much
powder should lie lined. The quantities herein Indicated are
bused on lC5-inm. shell which contain •pproxlmntely 11 pounds
of miratnrd. In the cnnc of TO-mm. shell which contain an-
proxlmntely a puiind of mastnrd, • correspondingly nmnller
iiiiifiiint of noli and bleaching powder mixture should suffice to
destroy Ihe mimtanl; ,

(:\) The inustnrd In n shell ofiened by drilling nn nhove Indl-
ci'led nlso inny Im dentroycd by pouring It onto n closely packed
pile of wood containing nltout a fourth of n cord. The muntard
nhould be poured uniformly over the wood and the empty shell
placed on top of tlie pile. The 'wood In then net on flre and
personnel excluded from the downwind area to n distance of
200 ynrds while the wood la being consumed. If the shell IB
bented to n red heat In thin method of dls)ionnl mustard adhering
to the shell walla will be destroyed. If tlie shell contains a
burster charge, tlie charge should be removed before the shell Is
placed on the pile of wood. In emptying Ihe shell, either Into
soil or onto wood, personnel should remain to windward. Drill-
ing tools contaminated with mustard should be cleaned thoroughly
by Immersing In n 5 percent solution of bleaching powder for
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to to 15 minuted nml I lion washing with trntcr. The drilling
nml emptying of Urn shell should !M> done by personnel having n
fulr knowledge tit (tin prtiiH-rllcs of 118. They should lie nwnrc
«if I lie iHMiwHy nf gunnllng IheniKflvcH nenliiHt iiinlninliinllon
either by I he Tnimn* nr liquid mustard. Mnska nml protective
i-lothlng NhiHild |N> worn In handling lenky mustard-filled shell.

(4) A single leaking shell or component mny be exploded In a
pit. Rt lenst. ft feel deep, rinco the Hlirll nt the Itotlom of the pit
after Inserting the bursting ehnrgo designed for mm with the
shell. (Jonncct nn electric detonator or hlnsflng cnp nml fine
to the bursting charge In mieh a nmniier nn trill Insure explosion
of the chnrge. Itnrkllll the pit and explode the shell nftcr all
personnel hare relln-d to a mfc distance. I'onr IS gallon* of
freshly prcpnred Mench solution on the fill find then scatter auf<
flclent dry Wench over Ihn fill to cover the dtatnrhcd Rronnd to
a depth of approximately 2 Inched. I'I nee a pcrmnncnt sign
on the Nil prohlltltliiR dlireliiR in the vicinity.

200. Leaking- contalnera.—n. Tim otllcer In rlinrce of the
maRatlne, or other n-s|iitiiKlhle ollleer, will lie notified whenever
a »>lil|ipliiR container IH dlwiiveml In hn lenkhiR. He will take
direct pcrwonnl charge nf removal.

b. In Rrneral, riiliqilng containers are too large to Immerse,
and handle like a leaking ahcll. Therefore, nn attempt nhonld
lie made to atop the lenk by one or more of the following mclhoda,
or by other methods migecMtcd by the nature of the lenk.

(1) Place the container no that the leak Is at the highest rela-
tive elevation.

(2) Calk llto leak after wiping with a rlolh unlimited wild
bleach mini Ion.

(3) Planter n lump of moist clay over Hie leak nml hind In
place with atrip* of doth.

r. After the leak In alopjied effectively enough ao that the
container In aalWactory for further atoragc, the container will
lie cleaned thoroughly by the method described In paragraph 201.

rf. If leakage ban licen checked but the container to nnmtla-
factory for further rtoragc, It flhonld he removed from the
building, observing care to prevent reo|iciilng the lenk. The con-
tainer should bo placed In the most millable place, nml thnt
IHirtlon of the container adjacent to the leak Bbnuld be kept
wet with blench solution itcmllng final dlsimsnl of the eoutoluer.
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In the cane of contalnera having dished ends, this may lie done
by flooding, or In other cases by covering with cloths mtnntcd
with fresh blench solution. The "wick" effect nf n soft cotton
cloth over the wide of n bucket filled with blench solution may
serve to keep the cloth wet.

9. The Chief of Ordnnnee wilt be notified of the facts In the
case and Instructions requested.

f. Lcnklng containers will be disposed of. In general, by trans-
ferring the contents to a serviceable container. The transfer
of contents will be done only by specially trained depot person-
nel after authorization from the Chief of Ordance, or when In
the opinion of the commanding officer of the depot Immediate
action Is required. A leak which cannot be stopped should be
considered as requiring Immediate transfer of the contents at
the container.

261. Removal of spilled mustard.—a. If mustard from a
leaking shell or container has.contaminated the floor or other
containers, It should be removed by washing thoroughly with
freshly prepared bleach solution. If woodwork Is stained, It
should be removed and burned, as no simple treatment will
remove muatnrd from wood.

ft. After washing metal containers, shell, or concrete floor,
with bleach solution, dry bleach should be applied and allowed
to remain for several days, after which It shonld be swept tip
and dally applications of alcoholic canstle made over a period
of 2 weeks. If It Is Impracticable to use alcoholic caustic,
freshly prepnred blench solution may be snbstltnted. '

r. Alcoholic enustlc should not be used without consideration
of possible later danger from the contact of loose high explosives
with enustlc, which undoubtedly will remain In the floor. There
In aim n possibility of the alcohol being Ignited, although this
has never yet occurred.

rf. The doors and window's of the mngnxlne should remain open
until the odor of mustard has disappeared. Complete protec-
tive equipment must he worn while conducting any of this work
and at all times thereafter until the mustard and Its odor have
been removed completely from the magazine.

o. In the event that the above-described treatment does not
remove all mustard from the floor, the treatment must be re-
peated. If repetition does not mrace, the only coarse available
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I* to remove Ihc eonlninlnnlcd |»orllon of (lie floor nml replnce
wllh now imilurliil. I'rotrHlvc clolldni; must Im worn during
mien rttmivnl. Kiirtlirr dclnlta regarding lhi« destruction of IIH
limy be found In ninillrnlnV Drill tmitiimlM.

BOSS. Flra In 118 magazine. — a. If n lire Involve*, or thrwilena
buildings In which mustard In stored, nil persons within the
danger Koim will lie nollWed by Hie cominnndlng nfllccr to vnciile
nnt II nil dnnger In iwsscd. Members of tin- Urn department, nnd
nil olhnii fighting Ilin lire, who mny Im exiMiHcd In nnmtnril, will
wcnr complete protective equipment.

9. Blwe n flre Involving chemical nmmnnlllon I* most danger-
ous to Inhabitants of llm vlclnlly, upeclnl precautions must be
taken to prevent llres In nren.s when* this tiininuiiltlon Is stored.

» 8ECTIOWXXVI

SPECIAL SAFETY REGULATIONS FOR GROUP B CHEM-
ICAL AMMUNITION (TOXICS, IRRITANTS, AND
SMOKE)

Pn rn graph
Drwrlpllnn of erniip II nillng*.. . ———————————————— . 203

_ ......__.........___. ..^_»_. _ » _ _ _ _ _ _ _ _ . 200
Plnrt Mid _ ———— ....... — — .- __ — _______ ... 200
Lending nmnmnltlon-,. - ... ————————— ..... ......... 20T
IxwklMt eonlnlMin. — . — ————— —————— ..... ____ 208
Reman! of iiplllnl mHlrrhil. . ————— ...... _ . ________ 20ft
Hrr In m*R«xlnM. —————————— . ———— ——— ______ 270

203. Description of group D fillings. — n. rtintflrnf (OWH
o.vnilKil, CO). — (1) riiiiRRpni' In imrmnlly n cnlnrlem liquid. II
holls nt 47* F. nml linn nn ndnr rewnililliiR pnollnge, or fresh-cnt
Imy. On Inhnhillon, It cnimen nnlninnnry ordemn or nn nccninn-
Intlon of wnter In the hinp< nn n mnilt of the Irrltnnt notion of
(he rliomlenl. Tim flrft nymplomn niitcd In n fttrmig ennrentrntlon
nre n chuklnR smwntlon nnd n fit-ling of cnnalrlctlon of the die«t.
llowerer, llm dmiRcr lien In I lie fnet Unit low eonecntrntlons thnt
arc not imrtlcnlnrljr IrrllnlliiR mny, nfter nn Intervnl of hoim,
pntdnce M>rlnus nyiiiplonm. nnd even drntli. AIIMHIR these synip-
liimx nrc dlllkiilty In lirnilhliiR, rnpld pnlne, wenkness. coiiRhltiK
with wnlery rx|ircl«rnllmi, nnd cyniMisIs (n blue color of the
nkln), cnnmMt by Iniihlllly of IIIIIRH l» ox.vRciiiiti* the hlooil.

(2) lli« di'liivod lift Ion of phucKpnc ninki-M It liii|x-rntlve thnt
nin.ikii be worn n-licncvor the odor In prcooiit. Vurlher, becutmc
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of Its extremely mpld notion In high concentrations, gns masks
always will IN rendlly nvnllnlHe while working wllh shell or
containers filled wllh plinngcne.

(3) In caw (his mnlcrlnl Is spilled It will, If left nloiie, quickly
snd completely evaporate. Kvaporntlon cnn lie hastened by
sprinkling with water, das masks mast IM warn nt nil limn*
whlID bundling .nny spilled phosgene. Due to Ms low boiling
point, phimgenc III cloned containers or shell mnlntnlns n high
immure which mny be of UK order of 100 pounds per nqnnre
Inch under certain conditions.

(4) In cnse of leakage evaporation will rnpldly reduce the
lcin|N!rnlnrc to the boiling imlnt, permitting transfer ns n liquid.
When tmnrcd Into n warm container, violent boiling will occur
nnlll the temperature of the container approaches the boiling
Imlnt.

6. Chlorptrrlu (C\VH symbol, 1'S).—(1) Chlorplcrln Is n color-
less liquid boiling nt 234* K. It has a sweet odor like sticky fly
paper and causes Irritation of the eyes with lachrymal Ion
nnd some Irrltntlon of the nose nnd throat. Its action Is that of
n Inchrymntor nnd miffocnnt. In a strong concentration It Is
nauseating. The flrst effects are followed by pnlns In the chest,
shdomlnnl discomfort, nnd vomiting. The principal action, how-
ever, Is on the lungs, canning suffocation doc to water thnt
nccnmnlntes In the Inngs (pulmonary oedema). Prolonged ex-
posure to very low concentrations may cnvse serious symptoms.
Pulmonary oedema does not develop until several hoars nfter
exposure to the gas.

(2) Itie delayed effect of this agent necessitates the same
nrnllnblllly of masks as prescribed tor phosgene, A distinct
odor and Irritation of the eyes Is noticed readily In any concen-
tration which would be dangerous.

(3) Ohlorplcrln can be removed only with great difficulty,
tvpcclally from woodwork. The most effective treatment Is by
means of scrubbing with a liberal application of alcoholic sodium
•nlphlte solution.

(4) Liquid chlorplcrln has n moderate corrosive action on nny
nkln or membrane with which It comes In contact. Care should
he oliserved to avoid contact. If this agent Is spilled on the
ckln, the affected part should lie washed repeatedly with sonp nnd
water, nnd treated ns soon ns possible with alcoholic sodium
Milphltc.
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«. CWornfcrht imd ulatwlr rMnrfoV inhrtwrc (O\V8 symbol. NO)

In n llqnld mixture of chlorplcrln nml stannic chloride. lls oilor
H Ihnt of rhlnrplcrln, nnd In nildlllmi It mnjr hn detected by Ihn
fiimm or mn»ke prmluccd when II IH expuwpd In ulr. It should
IN* (rented Ihn mime nn chlnrplcrln. An thin mixture In slightly
eorrnslvc to (he nkln, contort should he avoided.

i. Btattnlo chlorUa (C\V8 symbol, K4) Id n colorlpM liquid of
suffocating odor. It citn lie detected hy smoke produced on con-
(art with the nlr or moisture. It should he treated the mme a*
chlorplrrln, Inasmuch nn UK effect on HIP lungs In similar, although
somewhat ten marked.

r. Jtromftrmryfriritttfild (C\VS symlml, OA).—(1) Thin In a
liquid, dark In-own In color, which onuses In tonne Irrltntlon of
the eyps, followed by n prompt flow of tears. Lachrymatlon don
not produce nny |ierinnneiit dnmnge to the eyes, nnd thin chemical
linn appnrcntly no othor effort on the nyntein. Comfort of the
worker will require wearing of HIP mnsk when In nny concen-
tration of thin mntcrlnl.

(2) Thin nmtcrlnl In extremely difficult to remove from any
mirfnre whlrh absorlm It. Thp IHiernl ime of nlcnhollc rnintte
soda Milnllnn tendn to reduce the iinlnniiPe cnuwd hy the prenenm
of thin Inriirymntory material In n nmgnzlne. It nhonld Ite noted
Ihnt iindpr mnny conditions the line of cnnntlc noda In a mnRn«lne
will lie Iinpow>lli1e liecnnnc of tlic pomlble effect of the cmmtte
on hlf h explnnlTen whlrh might Inter be ntored In this mnnarlne,
or on the burnt IIIR chnrgp of chcmlral munitions. The mngnr.ln*
ofllrer olHHilil direct Ihr nne of nlcoholle cannttc In a mnitathra
inily nflpr i-oimldrrliiR Ihln |M>lnt. 1'liynlctil ronlnet with the
llqnld or hlRliljr iiincpiilnilpd vn|Nirn Nhimld be nrolded.

/. l)lpl<cn»l''hlnr»r»tnr (C\V8 nymbol, DA).—(1) Thin sub-
nlance In a nolld rnryliiR In color from white to black which melt*
at 111* F. The crude nmterlnl may be llqnld In nome canes. It*
properties and action are the mme nn thorn; described wilder
Adnmnlte (DM), In milipnrai;raph g below.

a. Ariatmlte (tHphrni/lninlnn-lilorariitnr,) (OWS symbol.
DM).—1>M Is n Krcenlnh yellow to black nolld melting at 88S* r.
It eanoes Irritation In Hie nose nnd throat even In minute eon-
rentratlons. Longer exposnre rnnnes tlRhtncss of the chest,
snoozing, hendatfie, cnngliliiR, Intense nnnnen, and weakmns.
The symptoms Inrrennc In ftpvcrlty some time after exposnre.
The Irritation produced hy the smoke of thin agent while burn-
ing Is no Intense that an Intolerable concentration In reached long
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liefore It hecomps dangerous to life. The effects may lant for
several hours, hut no permanent Injury Is caused. If nny of
Ihln mnterhil In spilled, It Is essential wit to sweep It, or handle
It In nny wny to cnusn dust formation. The material should bo
wet thoroughly before sweeping up with a broom.

n. Titanium Mrarhlartjtt (CWH symbol, FM).—(1) Titanium
tctrachlorlde In a heavy, colorless liquid with a pungent oihir.
It can lie readily detected by the largo quantity of smoke pro-
duced when It leaks. It is. used solely as a smoke-producing
agent nnd has practically no toxic effects. Large quantities of
the smoke produce n choking sensation nnd difficulty In breath-
ing, requiring • gas mnsk for the comfort of the worker. It can
be removed easily hy the application of large quantities of water.

(2) In extremely heavy concentrations, canisters of gas masks
may become clogged to such nn extent as to render breathing
difficult. If this occurs the mask should be changed for one In
serviceable condition.;

I. Ohlorncctaphcnone (CW8 s.vmlml, CN).—CN In n white to
gray or black solid, melting at 138* F. It Is a powerful Iscrl-
mntor nnd hnn n somewhat fruity odor. Usually It In put in
randies with smokeless powder to cause It to burn, or filled In
llqnld form in which ON Is dissolved In suitable solvents. In
solution, the odor of the solvent Is usually discernible In addition
to that of HIP. cbloracetophenone itself. In any case It la n
strong Incrlnrator but does not cause permanent damage to the
eyes. Its lachrymatory effects require the use of masks for the
comfort of workers. It can be removed best by scrubbing with
soap and water, followed hy liberal Applications of alcoholic
sulphite solution, or by the nse of the sulphite solution alone.
Actual contact with pure solid material, or high concentrations
of the material In the nlr produces n burning sensation on the
skin. Such contact should be avoided.

I. Chlorine (OW8 symbol, GO.—(1) Chlorine Is n greenlsh-
ycllow liquid or gas boiling at —SO* F. It has n pungent odor.
The first effects produced by Inhalation of small proportions of
chlorine Is nn active Irritation «f the upper respiratory passages,
canning coughing nnd a sensation of suffocation which Is ex-
ceedingly disagreeable. The odor of chlorine Is very strong In
any concentration that would cause Irritation or symptoms of
poisoning. When present In amount strong enough to cause
Irritation, masks should be worn nnd nil personnel not so

#•:••
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ii|iil|i|ted should hiivc I!»• vlc-lnlly. Ill ciiw nf Icnklnc rlilorlnr,
lIllllKCnillN (plllUllllCM HllOUld 111- removed llV VCMlllllllon.

(12) I .Ike phitHKctH*, inily lii n isrcitler extent, chlorine Renernle»
pi-csMiire when willed In coiilnliierM, Tin* pri-swiii-i' tuny lie 'AW
|NHIIII|H per wpinro hirh under Held (iimlllliniN.

k. Sulphur frf«*htrral<»r«ifff«mff! «Hrf mWunt (CWS symbol,
FR) In n heavy mixture which fumes strongly In air, nml de-
coni|Miscfi nlMirc OH* (J. (154* If.). It linn mi ncld mlor. U I*
nml solely ns n smoke-producing agent, nml there In no evidence
Hint It In Iwrinfiil In mnn In omrentrntlona normally nllnlnrd In
tin* field. Inhnlnllon nf concentrated fumes causes coughing and
strangulation; n feeling of constriction nroiimt the chest, burning
•if tlic nose nml Ihront, nnd honrseness. When the mixture
crones In ciuilnct with molxturc, It forms hydrochloric ncld and
mtlfonlc ncld, thus making It very corrosive to met n Is nnd to
fnhrlcs of vnrloim kinds. If npfillrd rtlm-tly to tbn Rkln, •
hnrnliiR m-romtlon In felt nt om-c nnd nn ncld hum follows. F8
nilxtum nn lht> fkln, or clothing should hr tvliNil off thornnphlr
with n dry rlnth or wnslr, thru flnshnl off with Inrpn nmnnnl*
nf will IT. Ffl inlxlnrc In iuinlnflniiininhlc>.

I. C<BJor«irrfo»hcHonc-rnfnro/ori«-r»/o»'|iterl» (<!WS nymlml,
CNS) Isn solution of chloinre(o|ilirnoim (ON), chlorplcrln (P8)
nnd i chloroform. ltd odor In Rnmiwlmt like Hint of Micky fly
j«|icr. In ntrnng sohitlon It mny ciuiso imuscn In nddltlon to
wvrro Inchryinntloii. An Indlvliluiil oxiMiwil to cstromolj high
coiHM-ul ml Ions for n rrlnllvHy nhort llnio mny suffer Hcrlmm
i-ITii'lH nwh nn tinIna In the client, nhdninlnnt dlwoinfort, vomit-
IIIR, nnd nn ncllon UINHI the UIUHT nlr jmswiRes nnd hronchlnl
lulK-s Roincwhnt plnillnr In, hut less limn Hint nf chlorine. Pro-
longed e.T|niMiire, eten to n very low conceiilrntlon, mny p«ni»
Ihene elfeetx. t'NS 1ms only n slight net Ion on met nls.

MI. CftfwmfrfoNftrHnnr'-ftrttfttf-nirbwN. frfrwrfcforMr (CW8 nynv
!HI|, CNH) Is n solution of clilorneelo|ihcnonc (CN) In IWIMPW
nml rnrlNin Ictrnchlorldc. ThlN Holnllon should not. be per-
mitted In come In coiitnet with (he uhln or ryes hernmic of Ihf
consldernlile discomfort nnd IHW<«||I|C Injury Hint mny result. It
linw no npprorliilile net Ion on uietnls. '

264. Btornge.—«r. AmiiinntlIon nml roninouenta with group R
fllllng will not lie stored In ninRii«liies with wo*>dpn fliHirn. Prrf-
ernlil.v, they should lie Rtnrcd In mngnzlncs with concrete (loon.
Tlic floor should Ito trented with scKllnni slllcntc to render n
nonnlttorlKtit. The use of rubbcrold, or other floor covering to
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lirohlhlled. At nil Ordmuicc denotN nml stornce IHI|II|S, niunltloim
of group n will Im Hloml In flmproof tiiiigiixliMtt.

b. Whenever n inngnKlnn cnnlnlnlng group II rhemlml mil-
nil IOIIM IM ofieiied n fiireiiinu or other reM|H»im||i|e iterwiim fniiiMlnr
with work In inngny.lra>H contnlnliig HI|N ninterlnl must he prewnt
to ileleinilnn whether munltluiis In the ningnslira nr« lenklnK.
If It IN decided Hint munitions In the mngnslno nro Iraklng,
ninnks will lie worn nnd the doom and windows opened after
which the lenklng shell or container should be locnlcd.

r. Rlnnks should lie rendlly nrnllnhlc to nil men working In
these miignr,lnes. Unboxed.nhell nml nmtnlncra mny lie hnmlled
wllhotit protective glovea nnlew contnmlnntlon IB noted. . How-
ever, In some cnses, n nmnll amount of tilling mny lie left on the
outside of n shell during the Oiling of group B munitions. Pro-
tective gloves or mittens should bo worn when handling eon-
tninlimU'd mnterlnl. .

265. Special equipment—The following protective equip-
ment will he mnde available when men are working In mnga-
r,lnea where thla mnterlnl la atored:

«. Service gas musks. .
Ji. Protective gloves or mittens.
a Stretchers or litters.
d. Woolen blnnketa.
c. K-lpht ounces of n mixture consisting of 4 ounces pnrc grain

alcohol (IK» iKTcenl), nnd 4 ounces chloroform, United State*
Miiirnmcopocln, to wblch la added n few drops of .ammonia.

f. One cnrlmy of n saturated solution of sodium anlphltn In
pure grain alcohol (00 percent). Thla cnrhoy must Ira kept
senlcd to prevent evaporation. This aolntlon la for use In treat-
ing burns on the skin from liquid chlorplcrln ami clornceto|ilicnone
HN described In paragraph 2635(4) nnd 203'.

0. One cnrlioy of n saturated solution of sodium hydroxide
(caustic sndn) In pure grain alcohol (OR percent). Thla cnrhoy
must lie kept sealed to prevent evaporation. /This solution Is for
use In removing lirombcnzylcyauldc, aa described In paragraph
2flfr(2). This solution will not be used on personnel under nny
circumstances.

200. First aid.—it. rtitmonam Irritant*.—The flrst-nld trent-
ment of piilmonnry Irritants, Including irfiosgene, chlor|4crln,
stannic chloride, nml chlorine la the same. Absolute rest and
warmth are essential. The patient should be removed linme-
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dlnlely lo n |mrc iitmoMplicro nnd mmle In He down, kept nt nbso-
luli* rent, anil kept wnrm with MnitkHs. A jmrson iiffccled by
piilmoiinry InlliiiilH iihvnyH Mboiilil IN- moveil on n Illler «>r
stretcher. Me. iiinst m<ver IN- iillowrd In wnlk. A Unlit Hllmu-
Innt or lint coffee mny lie given. A glnm of milk or cream. If
nvnllnhle, will give mnrkcd relief from phnryngenl Irritation,
nnd the |tnllcnt Hliould he- hoNpllnllxi-d. In en ACS of splnnlten of
lli|llld on the skin, wiwh It off nt once, wllh iilcohnltc wMlliilii sul-
phite, In order to prevent nlccrntlon*. Kklu scratches nnd nbrn-
sloim cxpnswl lo chlorplcrln fumes or liquid develop n high
degree of Inflnmmnlloii nml raslly become Infected.

a. /xicrlmifor*.—l^icrlmntlon produced by hromhcnzylcynnldc,
clilnrplcrln, nnd chlorncclophenone produces no permanent dnm-
BRC. Itemovnl of the pnllcnt lo n pure nlimwphere will lie n suf-
ficient t refitment In most cnswi. In mom nggravnted cases, or
those exposed to a Strong concentration of'the gns, wnshlng the
eyes with n saturated solution of Imrlc acid wilt he beneficial.
Do not rub Hie eyes or Immlnge them. Where there In a skin
rnsh, wnufi wllh nlrolwllc sodium blcnrlmnnle solution (made by
dlsmilvlng 100 griiins of HiMllnin hlcnrbonnlo In MO cubic «-enll-
melerx of water nnd then nddlng WH) cubic centimeters of ethyl
nlcobol.) Tills solution must be. slinken lie-fore using liecnnse
the nddlllmi of nlcohol causes some of Hie bicarbonate to lie
precipitated.

o. Irritant imotect.—The Irrltnnr smokes, dlphenylchlornrslnc
ami Adnmslle will not cnuse pernmnont. Injury. Hemovc the
|mt ten I from Hie cnnlnniltintcd ntnioN|ihere nml nwny from bent.
Flush the IHIM> wllh snlt wnler or blcnrimmile of soda solution.
Itemnvc all outer clothing nml wnsh the surfncc of the body.
Including the sculp, with sonp nnd wnler. Allow this solution
lo dry upon the skin nnd then dust the skin with bornted tnlcum.
Ijet Hie imllent hrcnfho wenk chlorine ntmos|iliere for 10 minutes
from n mindful of dry blench innvder In n wide-mouth bottle,
or enu. If pntli-nt .Is delirious, he must lie wnlched or restrained
to prevent self-Injury.

rf. Smokr.—r'M or KH will mil, ns n rule, produce nny effects
requiring Ircnlnicnl. If n iierson hns IM-CII subjected to a very
stroitR cniicenlrallon of smoke without the protection of a mask,
he should retire lo fresh nlr until recovered.

807. tanking ammunition.—n. When Icnkliic nmmnnlHon
or components nre locnted, they must be dlsiwsed of at the
direction of the ofllrcr In chnrpe.
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6. A enn mnnk nnd protective glove* will be worn whenever
hnndllmr lenklng nmmnnlllon filled with group II mnterl»l. Cnre
nhoiild )M> olwervcd Hint the talking nmterlnl docn not come la
contiict with nkln or clothing.

c. rending linn I dlnpoMl, leaking nmmnnltlon will be removed
from the mngniilne.

rf. If the number of lenklng nhcll or components la nnnll, they
ihnultl ho dcntroyed na deaeribcd below:

(1) Tlie preferred method la to nlnk the complete ahell or
component In deep ocean water. (Bee Instructions regarding
conmiltlng pnrt anthorlxed In par. 65p).

(2) A single lenklng MS ahell may be exploded by atatlc firing.
The point nt which the nbell la exploded should be chosen ao that
personnel can be excluded for a distance of abont 600 yarda for
a period of about 48 hours. • A small hole about 2 feet deep, with
vertical sides, should be dug. The shell la placed nt the bottom
of the pit In a horizontal position with TNT blocks placed on
the outside of the shell, directly over the bunting charge. Elec-
tric detnnntora will be used to explode the TNT after all per-
sonnel hnve retired to a ante distance. The ground around the
exploded shell should be thoroughly decontaminated by scatter-
ing n mixture of blench powder and sand over It The hole
should be filled with a mixture of dry bleach powder and earth.
A sign should be placed upon the fill prohibiting digging In
that vicinity. - •

c. If a urge nnmher of shells are Involved, the mngnxlne
should be ventilated, placed under guard, and the Chief of
Ordnnnce notified by telephone or telegraph. (Bee aim see.
XXIV, pnr. 2536.)

B68. Leaking containers.—a. The officer In charge of the
mngnxlne will be notified whenever a shipping container la dis-
covered to be leaking. He will Inspect personally the container
Involved to determine proper disposition.

b. As soon aa possible after discovery of • lenklng contnlner,
nnd pending arrangements for Its removal, attempt should be
made to place the container In a position to prevent the contents
from spilling on the floor or on other containers. If possible,
this should be done by the man discovering the teak.

e. If the leak Is stopped easily without allowing a large
• quantity of the filler to escape, the container may remain In the

magnslne. If the lenk la not stopped promptly, the container
must be transported down wind from the magaxlne area.
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rf. Containers In whlrli I lie lenks linn- lieen Mopiwd In unrh
manner ns, In Hie opinion iif tin- nutgiiiilne oflM-r, render* them
serviceable for ninHnned riorum*. iiiiiy rcnmln In HIP nmgiixlm*.
('oiihitiHTM wlilrh riiniHil: lie n-pnlml HiillMfnrtorlly wllh I he
facilities nt linml will hnvc Hie content* transferred »o nervlee-
nblc containers under the direct mipcrvhdnn of the magazine
officer.

f.. The method of I rnncf erring content H will vary with cxlrt-
InK conditions nml the nnlnre of Ilic material. The method
adopted must be predicated on Hie properties of the mnterlnl la
described In paragraph 2113 of this section.

860. Bemovnl of spilled material. — a. In case materials of
group I) hnre leaked from ulicll or cnntnlneni and cmilnmlnnted
Hie floor nr other containers, Hie trcnlinent to be nwd will lie
nil outlined In imrngraph 2M3 of thin section under the dcncrlp- '
Hon of the mnterlnl Involved.

ft. <lnn mnnkn nml protertlve glovea mnnt lie worn while re-
moving group II rlieinlrfll Illllngft which hnve liecn M|illled.

870. Fire In magazines.— «. The MIIIIO prooniitlonn will be
nhwrved for llrrn In nmtn cttntnlnlng group II Hirinlcnl nminnnl-
Hon n« wore mtlllncd under imrngrnph 2<tt for fln<n In 118 mngn-
r.lncs exropt Ihnt the dnngi>r to iirrcniiiirl down wind from the
flre In lem In Hie mm of group H nnininiiltlon thnn In the CUM
of n flre Involving IIR

ft. Any fthell or cotihilnrr which linn lieen exposed to flre
Rhnnld he cnnxldorrd dnngermn nnd mnde the mibjoct of Kpeclnl
lm<tirrtlnn to norertnln ltd comllllon. A report Hlinnld be mndc
to Hie (.liluf of Ordnnnw nnd liiKtnirlloim reipiciiled.

SFXTION XXVII
SPECIAL SAFETY REGULATIONS FOR GROUP 0

CHEMICAL AMMUNITION (SPONTANEOUSLY IN-
FLAMMABLE) ^

IVurrlplInn of wbllr |ilio»plmru«-— — _ - ——— __________ 271
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linking nmmnnlllnn ——— ...... —— .. ————————— ............ 274
Itrinoviil of npllM |ihnn|ihorim ——— —————————— __ . ... ... 27S
Klrr In mmpirlnra. -....---.. ————— _ —— ................... 274
(lunrd* Nt mnenrlnfii ——— — .. ——— _ ........ — ._._ .......... 2T7
Mrrt nM— - ___ ..—.—. — ...... _ . ___ - ____ . ___ 278

271. Description of white phn«phortin. — WhH<> ;>ho*jtftorui
(C\VS HVinlMil, Wl') IH n yellnwlHh, IrniixIniTiit, wnx like mill-
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Mnnre, inciting nt t i l* K. UN mimt rhnrnrterlfllle property In
Hint of HiNintntieiiiiHly Igniting upon (>x|HiNiire to nlr, burning
with nn Inleiiwly hot tlnnie, mid Riving off Inrge vohiinm of
white ninoke. '(lie fumen nrc not toxic except on expoHiire fnr n
perlml of Hevcrnl nioiilliH. rhonfihorns Is InlciiKcly imlmninim
when Inkcn Internnlly. I'rccnutlom should be Inkcn to Inmire
tbnt none In Introduced Into the body.

878. Btornge.—a. Ohemlcnl mnmnnltlnn rontnlnhig group (?
fllllngn nin»t he stored In flrcproof mngnxlnm with concrete
floors. The preferred storage IB In Igloo mngnxlnes. It will be
*tore<I In accordance with current Ordnniwe drawings, where
siipllcnble, except for those lots for which speclnl Instrnetloiin
nre Issneil by the Chief of Ordnance. In any cnse, nmmiinltlon
ronlnlnlng whltn phonphoriH will be stored In snch n manner as
to permit ency liiflpectlon.

ft. Tho white phosphorus fllllng In Hmmunlllon or components
becomes liquid nt 111* P. At or above this temperature, defec-
tive ammunition may leak, and may catch flre, and In some
eases (where a burster was In place) has been known to ex-
plode. Below 111* V., the fllllng Is solid, and shell will not
lenk. It In highly Important, especially where this ammunition
Is ntored on Its Ride, that the temperature nt which It Is stored
be kept below 111* r.

873. Special equipment.—There will be maintained at all
times adjacent to each magazine In which group O chemical
munitions are stored the following special equipment:

«. Heavy rubber gloves (gauntlet type), rubber boots, ami
anklc-lcnglh rubber aprons sufficient In number to equip all
personnel required to work In the magazine.

ft. A number of tubs, barrels, or tanks large enough to contain
the storage unit. During the summer months when fires arc
most likely In this type of ammunition, these tanks must ho
kept tilled with water. Also, during the summer months, there
should he stretched n line of hose of sufficient length to reach
any part of the magazine.

o. Two ftimncca ami a pall or tother vessel holding approxi-
mately D gallons.

«f. A Imlhtnh or similar container for first aid, and a means
«f hentlng water for use therein, will be maintained In some
heated building as close as possible to the magazines of this
group. Also n Finn 11 number of gauze sponges will he maintained.



fe'V'''-!1;^^&••;',. v.i;r;:'4'|..'- ••• •"/•'•-> •*'!
180 (IM1WAWK BAKKTV MANOAI.

r. One brittle ciinlnlnlng nt lens! 1 en Hun of 3 percent copper
Hiilplmlr solution.

274. Leaking nmmunltlon.—n. With leaking Khi>H of I III*
group lire prat risk IM Hint of lln>. Thla ran lie romlmfnl mic-
.reiwfnlty only liy pnnii|it m-llnn. In general, the time elapsing
from the time the flre IN reported until the arrival of the flra
department In HiimVtent In allow the flrr lo get beyond control.

6. A leaking Hlii'll or container of any I.V|M> Nhnuld lie Immersed
Immediately In oim of tln» tnha provided In tins magazine. TN
person discovering Hie leaking shell should put on rubber gloves
and attempt to Immerse It at mice. In the event that this actloa
la Impracticable, the hose Hlmuld be used with hydrant pressure.
Thla la Important, an a low-pressnre stream of water will tend
to amother the flrc, whereas high pressure lends to scatter the
flre over a large area, and thwi greatly Increases the difficulty of
extinguishing Itr. Rnblier gloves will Rive protection against hums only, at
they prevent contact of the phosphorus with the akin. QlovM
are not. effective when exposed In hlRh temperatures, such a*
burning iihosphorns. When burning phoaphorim adherea to
RIOTPS, It can he pjtliiRiilshi-d by dlpplnit the gloved hnnd In
water.rf. >Vhen a ulnglc leaking nhell ban been dlworered and Im-.,
meracd In water, It ahonld lie dcatroyed, an ileiicrllied In paragraph
o below, at. a place where fragmentation will not lie a haiard,
Kmoke will not create a nuhmnce, and there IN no dry vegetation
which may be Ignited.

r. The aliell to be cxirinded Rhould lie treated aa fnllowa:
(U When the ahell dnea not cnntaln a fnee or Imrater, ro-

move tn a print where flre rink la negligible and destroy the
Kliell by atatlc firing. Alt personnel must retire to a ante
dlrtance before Hie ahell la exploded.

(2) Where the fthcll la not In a container, and l« fitted with
fitte or hnrater, It will be extinguished, If on flrc, before It to
handled or mured. Tills condition la extremely haisardona, and
tlH> handling of the ahell niton Id lie ciirrlod out nnder an ofltrer
or foreman, or other employee fnnilllar with chemical am-
munition. After the flame baa been extlngnlahcd the Imlrttc*
tloha given In (1) above will be followed.
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(3) Where the ammunition la packed In a container, ami la
Died with Mtber fuze or luiralcr, the flrc will lie fought with
water from ontalde the inagailne. Defective aliell will lie re-
moved If and when the flre la cxtlngnltdtcd. If tlie leaking
ihcll In removed, mdmcqncnt action will bo In accord with i«rn-
liaph (1) above.

I. The charge of demolition blocks to be wed for destruction
•f leaking group O ammunition will be aa follows:

IU-mm. Mtlllnjr «kfH. .......
HM-hMllllif y »htll... ........
B-mrn. mnrtnriilifll..... ......
Mnch chcmlcnl mortw sb«ll...
Uloch chomknl mtttar ibell.

Nmnhor
otdrnw
linon
Mockt

t-bidi HTWI m^eetnr «hcri....
îKMi«l •vMlon bomb........

UnouiMl •rlnllon bomb.......
(O-pomid •trMkm bomb
IdO-pouod •*l«tlon bomb......

Nambtr
efdcmo.
llthm
bnivKV

1
1

I

875. Removal of apllled photphorua,.—a. Where phosphonte
kts leaked on the floor or other parts of a maganlne ami has
keen extinguished, a flrc guard must be stationed within the
Mldlng until It has been completely removed, aa the drying
tp of the water will permit the phosphorus to Ignite again.

t. Small amounts of phosphorus can'be removed best by first
wraplng oft as much as possible with an Implement such aa a
Hitty knife and then removing the rest by burning with a blow
torch or altnllar appliance. This removal of phosphorus must
Mt be attempted until all loaded ammunition In the vicinity has
teen removed.

o. After treatment, ns above described, the magazine will lie
lent nnder surveillance for at least 2 weeks, as flra may break
Mt again. Portions of the floor containing deep cracks or
oevkes will be grouted with mortar before munitions are re-
itored In the magazine.

876. lire In magazines.—In the event of a flre In a maga-
ane containing ammunition fitted with ftne or booster, and
poked In containers, If the flre cannot be controlled, the maga-
rine will be abandoned, and fire-fighting efforts confined to
•vlng adjacent magazine. In caaes of Urea Involving other

1k»-j
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group O rhpmhiil nmtitiiiillliMi. If MM- lire cdx heyuiid (ho con-
11D| of I In- IN-I-MHI illsrovcrlnj: II. (In- fiilliKvhiR preen nl loiw not
Kcnentlly iHfesmiry ilnrliiit in-illntir.v HreH, muni lie observe!
hi order In n 11 nek Hit* flumes nnccessfnlly.

«i. I'lnw|ihoriiM once extinguished must ell her In- Immersed itn-
tier will IT or aiiillniinlly Npmycd in prevent (In- flumes lirniklnf
out. anew.

h. I hie In HIP erpnt. nmniint of Rinoke llhernfed, there IN HI
exlrn hnrjird nf men iNfomlnK lust In I In- miiRiixliie while *!•
tempi (UK In flKht. Hit* tin mi*. Men with pnrtnhlp pxtliiRtilftlim
HlHinlil nut Im iierinllled In tin* inn RII el IIP nflcr n Ore gnlim head-
way nttlpft* Ilipy nre. Pf|iil|i|ied with lifeline*, nn they would haw
no him* line to follow Imck In order to pRcnpe from (lie innxnxliM,

f. ConiimnniitR iM-minliifc lilRhly liptited In n flro will explud*
wllh niiMlrrntn vlnlpm-e, IhrowliiR luirnltiR cnntnlncra for MNM
dlKlniHT. Thin trinlM to K|irond the fin* rn|ildly.

rf. An n lilch voliH'lf.r Nlrpnm of wnlpr tcnils to Rprrnd Ik*
lire. (In* Ion-rot prerenirn nlrenin rnnxlKtcnt with |io88lhlllt.r «t
n|t|irimcli (dionld be nw«l.

r. After n flii> linn br«>n exMiiffulslieil In n inncnr.lnp, nil nil-
JniTiit uliell nnd nmi|NiiH>nlH will IIP eonxldered dniiKcmiM nn4
n rp|Mirt nf HIP flm will IN* nmile Ininieilliilely to the Chief of
Onlnnm*.

f. Tin- opening nf filler contnliiers to lnx|ieot nniinnnltlon co»
tnlnliiff white iilionphonw will IK* dnnp ontnlde the building, 100
feet from nny bnlldliiR rontnlnlne pxploslrpn or nminiinltlon.

877. Ounrds i»t mngniilnes.— Thorn will IIP mnlnlnlnoil it
fill HIIIPH n jiprlndlr liifi|iertlnii h.v fire Riinrdn, of innRnzliipn cm-
InlnliiR Rroiip O iniinllhtnu. (IniirdH wnlkliiR |Hmt. nenr '
mnpiTiliiex will !M> esiierliill.v Inslrnrled to ro|Nirt
nny mnokp Keen taming from n niiiRnrJup.

278. First aid.—n. The nioRt likely Injuries from plioaplinrw
In nlnrnRp nit> Inirns. lliiniM fmin ph<w|ilioriiH nrc pniwlally
Koverp he<-niiMe (lip |iluif<|ihiirnM keeps on hin-nliiR PVPII wnra
Inirlpfl In the flpxh.

ft. The |tnrl nffei-leil by n plinspliiiniM burn should IK-
nmler wilier »» WMIII nx |HISR||I|P. Thin will nlop the
from bnrnliiR. Then iipply Inrce niminnlR of <ii|ippr
(3 iH-nrnl) Holiillon. C'oiitlniip this Ireiitnient for 3 mlnnle*
Itptnorp the iihnxphoritx piirfleleM (cii|i|N>r-|>ln|ed) by wnnhlB(
or with fort-rps nnd (rent the Injury like nn ordinary burn.
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SPECIAL SAFETY REGULATIONS FOR GROUP D CHEM-
ICAL AMMUNITION (INCENDIARY AND READILY
INFLAMMABLE)

FmmpbOfHCriptlon of ffroup D Alllntf. ——— .._. ———————————— 87>
_____............................... *OW

Sprcliil rqill|Maral-...————......__.._.....___........... SB I
UflklnK NMnmnlllan—————————..——.——————————— Ut
RrmoTil nf *|.lll<>d m«tcrl.l———.————————————————— SOI
Urn In nragmlna*_—....—-......_.......___..._...__. SIM
Vtrmt -tA

279. Description of group D fillings. — a. Thermit (CWS
nymlml, Til) In n mixture of Iron oxide and aluminum. It la In
the form of n dnrk-gray granular mas* When Ignited It burn*
with grciit rapidity and the erolutlon of extreme beat, the Iron
oxide being reduced to boiling molten Iron.

b. Itatachhrelhana mixture (CWS symbol, HC) consists
largely of hcxnchlorethnnc and zinc. It Is a gray solid with •
cnmphorllkn odor. It burns rather slowly with the erolutlon
of a dram cloud of smoke. The smoke produced Is harmless and
can be breathed without discomfort

o. Incendiary bombi. — Incendiary bombs comprise n combusti-
ble body of mngncslnm metal. Inside of which la an Igniter com-
position such as thermit. When Ignited, the body of toe bomb
burns with Intense heat

d. (Tfttaraeelophenono burning mtofurw (OWS symbol, CM) Is
• mixture of ON and small grain nnokelem powder. It la em-
ployed In hnnd nnd rifle grenades. It la most effective when dis-
tilled Into the nlr by the heat of a burning composition.

p.. DIpknylamliifcUontrilM burning mlettre (CWS symbol,
DM) Ix n mixture of DM and smokeless powder. Mke CN,
dlphcnylnmlnpchlorarslne Is moat effective when disseminated as
a smoke.

f. nimilnff mixture CN-DU (OWS symbol, ON-DM) la n mix-
ture of chloracetopheimnc and dlphenylamlnechlorarslne with
mnokelem powder.

880. Storage.— a. Chemical munitions containing fillings of
group U may lie stored In any dry, fireproof magatlne.

6. Inspection nnd guard of ammunition of this typo will be
the snme an tbnt maintained for high-explosive shell.

itnnno*— 41 — 11

Pi-
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881. Bpeclnl equipment.— fnlHtxiil ninmnnlllnii (•oiilnliilii*
roiip 1> mntrrlnl mny IN; luiiMlM wllhoiil Ktathil prol.-ctlvr
inlpiift-nf. Rome millnlilc r*|iil|nm-Ml for flcdllng oil lire* will
i? nmhilnliHMl nl nil linn* mljnmil lo mngnxIncM In which nuilr-
nl of IhlN HNMN In atoml.
882. Lenklng ammunition.— a. In ||lo event Hint container*

r nhHI containing group n ntnlcrlnln nit- dlwovcrnl hi N Irak-
« riimtltlnn tlwy fttn.iil.1 |N> M-Ktvgnti-d. InxIruHloim n* to (he

of nicli nhi>ll will I* mim*tml from the Chief of

!

ft. Inking mniilllotm of thin group will ln« dcxtroycd If wem-
iry hy tmrnlmr,ln the mmc numner ns Intend.*! for w-rvlco we.
it In the turn, of bomb*. Hlntltiilly, In nil nn* where tire rink

883. Removnl of •pilled mntcrlni.-ln ||,r rrrnl Hint «mi
mwilB nm hr.ik.ni o|n>n or Irnklnx, ihe mnl«>rlnl flhoald be
ccpl up, rcinored fr.im the building, nml hnrnol.
884. Flr« in maynulnes.— rt. llio pflTorlM .if HIT n*hlrm
lonlil IK- conflned to |nTvoiitlnK Ilm Kpmt<| of lh«- lire. Klre In
mnwx.lne contnlnliiR hexichlorclhniic mlxtnrcn or imicitefflum
oul.l ii.it I* foiiRht with water.
6. UnlMirm^l mntcrlHl In n mnrnr.h.o Wh|c|, ])M ^n linr.
illy ilwtroywl hy flre «ho«lil I* trented with the RrcnleM cnw-
»n, n« HO mixture mny nl«orh m.rtlclrnt molfrtnre lo mum
nitlon with mitncqnnnt rrriirrenrp of the flre.
886. Flmt «ld.— No imamial HrNt-nlil trmlmmit IH w(nlr.-<l
r •nMrata ocrnrrln, |n hnnillliiK thin type of nrntrrlnl. liiiriM
ill be I rented In the mme mnnimr na niiy other bnm.

AI'I'KMHX II

Storw «l<«r( for GxplmlrM and Ammunition
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fwe-hote*, 12N
fate*. 88e (fl|. 12»e, II4«
handling. 128
Mentineatlnn by M nmaber.

loin, 126»
•ulnleniinpe. IM
nmrklnx, 127
|»rkln«, 127. 120
photoflmh, tM
limclke. 12«a (1}
renovation, 181
Mlrw. Ml
•hlpplnt.. 128;
•lormte. m-nrnil, 24* (2) (4)

(')«•,< 20
typp*. 120.

ROOBTKnn. nnmh*. parklni. 184
• aVfttrnrtlnn nf. Ml

eiploilvp hnurd. 1400
•re*. 140
hnndlhiR. 1811
n*lnleii*nce, 187
mirklnR, 184
pncklnR. 184

• iwlntlnR, tank
i|nnnllty-dlit«nm Inhle, 880 (•)
rrmnvlnf from *hell, fl!lo (BJ,

128
reno**llnn, 188
repliclnn In iHielt. I2!l
Mfcly precitttlono. 141
imlrnip*, 188
•hipping. IM
•torHR*. 180

Hole* for «m«ll.«rm* •mnranllkM,

*ml *t*yln« uhlpmentu, M
•romnpn*ylcy«nlrte, 240. M8«

2U (I)

•cM, 170

MANUAL ins
ronllnneit.

•dmlnlNlrollnn. 2U |2|
*iKiil*ry, n». 4«<f
frame, ulrnrlnral ri*MliR* to.

874 (I) ft, 24o (6)
Uroupln* of. 24« (2)
lnn*mm*Mni *nd *dd», 170
Imdln*. 100
mtinuuctarlni «nd tondlnf . IW-

174
nitration, SIRf («)
ohlpplnf und receUIn*. 28
oloojo or brick, dimnie lo, 87rf

Balk II. B. «*ee Hltih
Bnlk InlttatlnR ntphMlTw. •«• (•)
Bnlk low ciptoolvc*. 88e (•}
Hulk priming ripliolTe*, 8fle (•)
Bullney* I'owder No. 2, S7o (1)
Bvreo,B of Rinlo*l*««, 81
Burtiti of MnrlM ImpectloM ami

' Nivlipitlon, 04
Bornlng Rroand*, OBa
B*rnln« mlilnre* of ON «n4 DM,

240, 2704, 370C, 270^
Burnlnt Tefet*tlon, 20«
Burn*, ironp D chmkoj

lion, 2M

from •(••rat*
•hell. 128

In •tpBnlc
•hell, 128

••(Ion o« •nlfomn..!!'*

C*lflam cirbMc,
C*onon powder
dpoclty Btato.
OP*:

Mootlnff, IBte
, fteetrle, flft/

«wet, lot*, M
(1)

IM
OH Motdt

Cirbollc MM, 211
drbonoccoao Mo.l«ri«b!
. In *rtd balldlnir*. 170

with stack powder, 1M»
nitrate. 228ft

v^ *?•
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iirM, ulnt-NKP, l7Nn. 17Nk
Itiii-ltnnlrtil Injury Id. HIM

t'Hrr uml muliitriimti'r of mniM-
clnm, It

IHMM'-llH* Rn-M. !CI
<t;*ri>lnMn«w. Inn (4)
Currying of kvyN. rnlim, rtr., 110
Cur* of nmmnnlllnn, llmtu, S(Jr

(M1*! HnHtniil cmn|
H. inllpiinlt?. 7it (I)
nf Arm. ID

(•AUHTIi: 80UA. •IroMlemlnllon

. 202
nnd IWMI. »llb Ifwlillr.

mwMMril, 201ft. 201o
lurrlmnlorii, afllo (2)

Orlr nmmonlnm nltrolr. 2IO»
Chnhm. n»prhmil, lOOff
CnxniK* rnonw, 7« (40) 1.11
fhnrnHrr «f |M-nmniMll. 7* I2t)
(ImrriHil, in
fhnrt. loxillii* *ml Momfi*. I. C. (?..

20
ntnrmie, AiUK-nills II

CIIF.MICAI, AMMUNITION:
•ibnnull*. 210. VKtff
bremhcnxj-lcyiinMc. 240. 20S«
Chloriin>l«|>bi>nnm>, 240. 2M».

•jmi. jn.l*. 97IM
rhlnrlnr. 240. 2«!l/
Thlnrplrrln. 346. 203b
chtorplcrln-nliinnlr chlnrlfl>, 246,

CN nrntnl-nirbfHi l*tn»fhlorW»,
240. 203nt

CN-ihlornrormrhlnrplrrln. 240.

doOnltlnn. »f. 2111
dmtrnrlHm nf. RvnrHII. 2!tS.

p. 2nnft. uranp A. 3S» !
II, 207il; unmn C,

274<l, r. /inrnnp l>. 2R2h
rtlph«'ii.vliiniliirchlnr«n.|nr. 20.10,

itlphmylrhnininrtni!. 246. 201/
rilKimillhin (we Drufrttnftoii)
flrc. 202. 270. 270, 2B4
Ural «M. 2WI. 200. 97R 2HS

rilKMirAf. AMMUNITION— I'MI.
nr»ii|i A. Win 2112 ; Rroiip II. 202

27»: »rmi|i <•, 271 27H;
irronp It. -J79 267.

(i>nr<ln tit nwRHtlnHi. 277, 2WH
hrmi'hlori'llinnr. 210. 27tlb
Inr'ndlnry. 27B 2Kn
InlnrMii In rtmn««el l«n with. 24H
Innptctlan, 247f, 277. 2M||»
IrrllBnl*. flrnt «|i|, 204
Incrlinnlnrn. 240. 2031, 2631,

203m. 2«0b
unimnnlllon, 248. WB.

207, 274. 2H2
fnnlilwni. 200, 20H. S74
. 240. 2CO-202

252, 2M, 264, 272,
280

nitrkliiK. 240, 284
niimUrd. 210. 2B5-262
imrklnll. 2B4
imiiMrnt Ti-Hr«nl». 200-202
|I)III«KI-|I<>. 240. 208)1
phimplHirim. whllf. »4*. 240.

271, 274<t
plllnR. 247i
protection «f p«>rm>»ncl, 2B1,

2BT«. 2KO». 202. 204. 2*5.
S7». 281

|irotwl|ri- rqnlpmrnt, 9RO, 201,
2Ti7, «W. 278, 2K1

pnlmonnry Irrllnntn. Ornl «M,

n>moTHl nf ppllM nmlerlnl. 201.
203« (8). 208t (3), 263*.
203k, 2011. 278, 289

*hi>ll PI powd to Are, 270ft
phlppln*. 2T.4
mnnkf Irrllunt, 2*M
ppprlnl pqnlpn«nt. 280. 287, 288.

278.281
ntunnle chlorlfc. 246. >63<

-. Rrnenil rub* for. 247
loidlng «n<I bridnc,

2B4
• n I f n r IrlnsMp-rhloiniilfmlr

*cM oilttur*. 246. 263k
tlUnlom tctmrhlorMe. 24*.

20.11k, 20M
tntlc Irrlunli nnd mnokr, 241.

2AA-270

ORDNANrnf! HArTTY MANUAL 19T

Ililpf «f Orilnnnop, rmpontlMH-
Mm of, no

CliliirtrMoplirnonP. 240. SffiH
(!liloriirt'lo|iliriioiir-l>*nr,nl-c t f h • n

MrnvhlnrMe. 240. 203*t
CtilnrnrrtnpliriionP-burnlnK Btht-

Inrc. 2TIM

< IT»Mlf»NKNTB. I/IADRP— Cim.
flri*«. 14V

cltlornlcrln. 240. 2081
Chlorate* :

barium. 104
ftmllnm, 231
nnliiMliim, 527 ••
•trontlum. 234 •

rhlnrlne. 240, 203/
Chlorplerln, 246. MS*
Clilnrplcrlo *Until<- rhtorMe, 240.

2030
Chills*. Mfely, l«n, (2)j 168*
Circular mwii, 10T<t
flftM** Hnrt qti*ntlly.||n>t*ne« W-

lilrii for military pxplo*tve* *nd
ammunition, M it

ChiMiinniOan r»tAf, rallrMd, 421
Cix>TIIINn : <

ronUmlnitH. ?• <42)
dmlun of, lit
lnuiirferln( of. Trt (18) .. •
•peel*). II. 164* >i
•lrc«t. ll« <

CNbrmtM-ciirbnn IftraetiloHd*.
246. 26*i» >., . !

CN-chloroforn-cblorplcrlii. - J4«.
2031

CN I»M burning mlitat*. tttf
ColiM. currying of. 7« (18) •
Callrctnr, ilnlle rleetrlelly, • .!*•

Combiinllble milrrlNl In
124.

rmpnniilblllllm. «». lldt • . '
of, 20« (I) •

mini prcncrlbnd by, Iflll
CnmplnInU, flit (10) ..', •.. .
COMPONKNTB. LOARID (tMih*

. Onmponenli, m*l«l,
dud MN>oaife4) > ,-.

bomb. 12ta • t
mnUlncm for. 1»4. lit I-
itmcrlplloim of, *M • • I

, 1*5
i. tfflk

Inane. 8I» (B)
loin, f|.1»
mii)m*lnm for. IflMi
mnlnlmnnrr. 1ST
nmrhliHt, 1*4
»l*«d Morii«i>. 1M«
open bom of, IMn
pnr»ln«. 1(4
IwlnllnK. tun
plllnn. IBDo
rrnoTstlon. 1M
mfrljr prcnnthHM.. 141

w>Rn>Riillon, 104M, Apptndli II

, ISO
COMPONRNT8. MRTAÎ  I«AI»-

KO AMI! UNUMDIM)!
• • Krnoml, IMta

h*natln«. IBS
MnHllHcMllon. IB7o
hmpMtlon of taHMUnn nataln.

ing, inn
• lot*, 1BO»

•Hilnleminn?, 160
murk)**, IB7

1 117
iiml nturklnir. IB**

rrconillllonln*. 1 00
r*no»ihm, 100
dilpplnir. 168

. 160
lm, lltf •

Oompallni raphmiTw «okttat of
•mimtnlllnn, 3Ra

Conrnle miRntlM, zto (I)
Cnnrnmlnii rffrcl*, h*nrd. 87«
Condrmnrd »qulpmcn|, 1041
Omrtwtnrn. K||htnl»R, MM
CONTAINRHB:

•Ir-tratlDK, lOOn 114
Mmmonlimi nltrnl*, TRo
Murk potnlcr. 71»
»»ply. 72o (T|
component!. 114, 1ST
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200 nmiNANfR

tniNNAflMi
tnr ImnihN. IS
rnmlnMillMF. 131* (3)
nwlnl. i»imnil<- liHtdlnii prnjpr-

Him. KM

I04r.
• 1 4.T. I III

oT ImMrilnn* milrrlnl*.
IIMM

limb*. of :
ftrrnmn. T» (M). 8. ISr. 1024
nurd*. SOU (2)
rnlib-nl mfriy mulmvr. 1(13
pufr-ljr boord. lOL'o

for arid rioing*. Ilia
Montm-. IflZrf

R. 0. powdn-. 8M (I)
PPTMHM from

(0)
iMlldlnitt.

ehnnm In. T« (0)
rriNilr* to, Tn (8)

Rlrrlrlcnl ntnrmd. T« (4)
Hlwlrk hlmMlttR mpm I Mo
Kli-ctrfcmmi. 2O« (B)
Klwlrlcll.r. ulNllr. Tn (41). inn (Tl
Rli-Hrfe llRhlnm. 7« (2»l. T« (43)
KI-Ktri IIIC fOWRII AND l.inilT.

IWKi
•llrrimlp nopply, T« (Ml

Rli*rnlnm. pllfKriiUrr. I Win
fQmpi Ki'iM'y . In iiliwni'i1 ot COM*

mnmllnf nfllrrr, 2«« (I)
Rmrry whrrln, mKrilllHI. IMm
RMI'MirRRS:

and InlnlnR »f.

nmr. Tn (IT)
Iralnml. thrift* of, 9f

Knintrh*. 922
Rnfnrrrnwnl nf MfHr i*tol«ll»n».

flr, Or
Rnlmnrm, 1<V»
Hnlry »ml nil. T« (I), (to (0)
RI|I>II'MKNT:

fl, 11141

Mrnl)
(w* Prntrrtlvt r«*lf-

mruM

MA NO At.

Rth-r. 200
Kintnliinllnn of uppllcinlil. T*

(20)
r:«cmpllniw from ww rcRtllnllnn',

fin
of natoninllvp

Kxllx. Til (I)
Iwn-wiir, rnllrmid. 1m (n4)

K>|H-rlmrnln In oprnillnK balht-
IllRH, Kllff

K.\I'IX)8ION IIAXARD8:
•IfMnlHInn hfimlM. I3»k

i piiffdrr. R4
block*, We, 15». nil

KXI'UmiVK D (HMMonlnm vk-
riilr) :

Itrrr. 101'k (?)
hutted*. 102k
pmlN-rllm. TTn. 102

prrraulloliii, 7To

unr*. TTI
R.M-I.U3IVK8:

1-lnKnrH of, 3W»
ilffllilllon. .1*
ilplrilnrillrd. 18« (2)
(ttmr.lh*. Ta (141. Id. ISilf
hnndllnir, T* (01. 1TK-244
ImiKriln *nd qn*Hllt]r-dM*nn>.

.IT
hlKb (*n> High i-mploilvti)
liif^vcllnn. 61. 6t
mmmiilnmi. 20a (91

mid 1 1»« d I • |
42*
nmnnnl pRrmltlnl li

p. nag
RXI'M)SIVB3 ARRA :

I'liri- mid nmlntvium*. S3
drnnlilnn. Rk

(14)
IWM (2) (<)

Rllrimlnn Mull In. T« (10)
K«llimnliili*r«. Ore. 2«ta (H), Ifllr,

inn*
Kxintriii of rtffutatlnn*. It (40)

(»•
BXIIDATH:

Immbl. ISO
il.rimmllr, IBM
nppnriiti> Inditing nhrtl. 122k

ORDNANCB iAFFTT MANUAL 201
nrp-flnhllnir («fv Mr*.

eniilHlnrrn. HlOr. till (I).
I lib (2). I. 'Mi

film, modem plrlarf. JIT
Fln> Blnrnw. 101k, 22ft (I)
•••Iff drill*. T« (T). 20« (4)

, I4IH

htnd. 20* (8». 10»»
In nnrratlnic balMIng*. l«4r

20« (If). (12), (IS)

of, »l» (2)
i nd drownlnir

20* (Hi, f*4r,
t60k

fire mite, 2M ,'
(rnrrHl rmnmllnnii, SI
hrdmnl*. J0« (IT) (»l
Iniqwellon «nd Irat. 20a (0), (T)
Optra! In* bulMliiRH. 104r
•I onrrmlnn», 20* (1)
•prhikler •fttttnf, I90». ITS.

l»2b (2)
lunk cur. rullrmid. 20n (V), 21*

(2)
«m>. 7« (H)

Flrr-flirhllnR forera. Innlrncllon*.
20o (fl|, 22

Mr* hinmrdn. S7«
riri- hTdmntK. 20« (IT) (|)
Klri- nnralmll, M
t'\rr prercnllon. 7« (•). 18. N
Fire protection, 1m (10), 18
riRKB:

blurk powdrr. TS
bnmhi. 12H>, 12»o. 182

140
of, IV '

mnmimlllon, SOS. 2TO.
270. 184

coin|ioiî ntiv, ImidFQ. 140
detnnnlon, 140
•ird »nd M>ml8ifd •mmunlflon,

110
fnira, 140
•»«•, 20* (0)
•map A chentlMl. SOS
•map R * brmlro.1. 270 •

FIRRfl—ConHnitfd.
•rmi|i U chemical. 2T8
•rmip I) elirmlrtil. 284
IIC mniwilnp, 284
II. R., balk. Ml
bciifhliirplhiint, S84
118 imtRHtlne. MS
mnnturd. 202
•HriKattnn, wi>(. dry, St8/ (I)
opprmln« bulldhNM. I04r
»>rki>d nnlomoblhv, SOU (It)
{ntoffftaoriM, 97v
picric odd. 220
lirlmrrn. 140t
p.rrotrrhnlm, 14?
rrporlln*. STOe
•rpmtn I a • d I n R

cbortc«,00a
orpHrntr. loodlnit Mini, 1S4
•null-nrm* •mnranltlan, 108
vNMlllnWB9 POWO^Tf •*•! ,

Plrr mllii, SM
riRBTAID:

•dimnllr. 200«
C*H*nilMli AintNttHillfUl)

SOI
rhlorplrrtn. 203ft (4)

•ronp 0 chcmkDl OMnnmllton,
28B

Irritflntn, 300
llcrlmntorm 200»
IrwKllr. 288ft
mwlird, 2CB«
pbonpnorthi bnrn», 2T8
palnioimrr IrrlllBlt, S08«
•nmk* (liunlan tctraehlorlaV).

SOOil
trmlment, T« (IS)

lor fbeinlml •mmanltbin, 2BI.
' ' S8T, 2T.1
kit*, 7« (II)
•trrlebrni md bnnkclii. IS

FIXIID AND BMMiriXRI) AM-
MUNITION t

•lr.|««llit| •pp*n|tw, 1)4
bo»* for, US
cmnpntlnn WMfttltfe* of
eipMln>« m. «8« (S)
cnntdnr-nt. US
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N.tNCK JMfKTV M.ANU.U,

r'l.XKH AMI KKMIFIXKH AM-
>M NITIHN rnnllniHtl.

HMHI.oll.in ..f. I Mr
••tnni|ihii tit. 1MH
Hrni. ltd
H«-nrr»l, 10!V«
bniiilthii. 112. Ill
InxptTlInn IliUk
lluhl mnrlMr (MY M0M m»ir*r

MP. 1 1 1r
iwiltilriHimr, 114
mnrkln*;. HI
mlsnl Hlnnnn*. 11*1
put-king. Ill
piling nml Flit. king. I IX
•pmnllly-Hltilnnci' mmV*. .IHr
trnnmllnn. 1 19

*. 1 1 -I
rnninlwr*. 114

M(rty prm-HHIHMM. 117
118
. *«rl|itl..fi. tntlft

"•nipping. 112
•lnr*Kr. 111
IMI*. not. tine

flxlnrm. Minltiirjr. 18a
Hunt, dimger. AT*

Mnrm:
•Irphinp. 14T

»1«*n tarrtennV. 4.V
Klimhl

80
lKhl pnw

InM

pmvitrr.

KI<M«r
in)

•rid hnlMlmn. 17<Vi
btark |Miw<h*r <i|H-riillon<. T4«i
rhrmlmt nwpif.liHii. aw
nmlHmlMlrd, 3nir
rtncfcn and ci«*lrM In. 24r (T).

Imil. Zln»
mupMiHiw. 24c (St. 34<- I7»

1.1). sifc (:ii. snn
n*lilirrfililf 204rt

fnigmrHlii, tlta (HI
llrh, l«Br

Ponlfrnr (or« gnfely *ft«n)
rnrMddCB object. 7« (1.1). 1 (41)

WBBSIpHK^gtf̂ f̂-P^ ̂ ,̂ «rfSi>iJiM îK,.A-

In HnlhliiR. 7« (l»)
In pmn-KK ninliMwnl.

KIMIKMKN :
ilniliii urnl rraiHiiiRlblllihii. 7«

(.12). ft. I2r. HIM
•nf«'l« niln< fur. 8

Pixiiilnlnx. ilrlnkliiK. 7n (101. IM

Kritcniml*. rtflnn. in» (.'.(
Pmmc iHillilliifH. flrui-lornl Hum.

«ri'. »7rf (1)
(••nlmliMlc «r iwriw.r. .We 110).

210
Kiirnnnii. wifiimiirtllnK. lOo (HI
Vnw:

mfrlj . O.V. 152.-
r tlRt**lWn<* I

kiiii|M« ihmM. 130. Ufld. 128
121* 121

mine. .1*r (.1). 104
nrllllcrr. 1.14

, Me (»). .1fl« («). 1X4

140
flrni, 140
mrnndp. 9** (8). IM
hiimlllnR. 135
itmmxItM*. 2tta (HI
imilnlrnniln>, I.IT

MHO

mnrklnn. 134
minimum prrmlllMl In

(II, 1M«
llmr. *ft« ll)

minor mllbrr l«M>-ili>ti>nttl»|.
Mo(fl)

|«rk»l trllh hrnnh*. ITOfl
pmkln*. 1.14
imlnllnff. I.lfik
(Hihil itploniitliiK. !Wr (.1)
qtHinllly-tlWunrt. Inhlm. 880 (81.

«8o (0). 880 (8)
TTHoratton, 138
•nfcty prccniUloMB, 141

ORDNANCE S A FRIT MANDAL 208
KII7,Kfl— ConllnnrH.

If HIW,
140«

I rovlfif clnmiMl)

0«*. In nrld bulMlnw. 1701
Uim nmnkii, Wf (I), MM (1).

, f)U«n<-r«l tar
rtfvtaitom, 1

QlHM !

ltr«ki>n,

wlr», «M> of,
mibnilmi, iMlhrr, SB2«
t«n*riil, 1m (81)

for protection amliMt «cM. It8f
Orndf*:

Muck powder. «8*, «8» i
•mill-iron •mmuoltHHl, 101 • •
TNT. 7*1

Onm flrcii, Wu (0)
OrcnRdM, 1M

dnlrnetlnn, 68fc
fatff, 8R« (8), 1M
pncklmi, 16M

Oromnwli. rop«. ll*«. 11H
Oronnillng ntntle churfm, 1m (41),

«»• (7) ••!
nllrorrllnloM Irajfd. 21V (4)

Umund* :
taming, 8Ba

. 80»
, 7» (»), *1» (I)

Urmip. dcflnltlon, 8n • .
»f bnlldlnffi ill «*MMtak>

Mcntt, 24» (2)

24«. 966-262: B. »4t,
270: C, 246. 271-2T8: D. 846,
aTP-286

londrd Irwfcp, rlc., IMf
*mrrr whevta. 1MM . . •

Otmrd prntectloB, 16«
O0ARD8:

arming,

•tallm of, 20« (9)
nploolvM arct, T« (141
InHpMIIon. 109

at'Allim— 4'onllnnrd.
Inxtrncllnn at, Iflk
landrd IraHm, IMIf
mrtlmnlciil. 1* (26)
it-port*. IM

OimcoltoB, 2I8«

IIANI>MN«t
•vldii, 178
•ntlmnk mlMM, 164
bnrnK 128

1*16
ildrd, 198

component*, meliil, 1118
drtonHton, 186
nplonlre*. grnrnl, 7« (0). 168.*,

176-244
B*«l *nd mnlflitd •nmrailtlM.

112
rmn. 188
goMral nwriMtaiM. 7* (6)
kmrdWN Mtcrtal. 166n, 176-
' 244

114

120

cbnrge*. 08
ion/

IIAKAIIDOIIB MATMIIAMI:
Mirylng In coHtKliwr*. 164d
rarrylng en tocomotlTc*. 16M

da*t of. 164<% 184*1
knndtlng, 7« («). I68n
lomw, 74/, 104»

''•wTlmi In •pm-ntliw talldlng*.
164*

428), 164
IhmrdoM mw nwlrrlnki. rank-

•nd h«ndllng. 178-244
HAEARD0!

•mmnnlam Hltratr. ItU
•tack powder. 74A 106

tlnir»l*ncr 20I»
mmllr In 8n»rn. 2«lc, (1)
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rrnck* HIMI crcrlrrt In AM**. 21KI
bomb*. llfll*
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Riill rlnmp", Incomollrr <rnn«*,
160m (8)

Rill •Moment*. K9
Rilllnir*, ranwnim. pIMfornm, Itnk
RAILROAII C'ARB :

flftm-ril *t full hnrard, 4IWi
InKnecllon, 184* '
londcil, nloiifiiWn nprmtlHt

bnlldlng. 45
hMKlIng with Mntonlvni or ••>

mnnlttoa, 460
•rpiritloa of, 4Bb
record of number*, BT*
•polllnRbetwenn m*R**lnm, 4M,

1004
Htrwlnrnl rtum^nc dlHlllncf*. 8T4

<2)
MM for •hlpmenl* In rtoniR

•rt«, 46*
R*nroHd cbtwIBfttlOB j«d«. 420
R*llrmd cromlnn, oprnlng between

rtllH, ulRn*, T* (86), Wlf . '
Rnllr«*d eqiilpmrnt!

dnni*Ri> to, «Trf (2)

fm4|li*M|

RnllrnHd r«|nt|miMil — (Tim.
trnrk*, nit r row gHRx,
•(•mlnnl
Imllen.
twn-wnr f»M, T0 (84)

Ril|w«y, pnMIr (•»• I'.kJto r««

R*mpH, for Mf*t)r doom, 1000 (>)
RHW m«tprbtki, *lorn*f, ImndllnR

•nd lmMnb<..tTn-244
lng NilMlmM. an

for w«»le nmtrrl*!, T*

Rrrnndll toning, Aeflnllkm
«rH<po«»on>, 8r, 810, 811. 42«

Red pboophonM, 2240
Rerrlgetntkm planlii. 174

Ifeisrftrif-

nlfllllt MMNIIIIIll KIN
•nd minting I'tmrgt*. T20

munition, 00
ttenptlom, 6»
eitract* of, Tit (45) (»>
I. C C, «-6T
RiDintlne ire**. 24
•Mlntennncv *nd MlmtP, 69

Re-marking :
container*, component*, 4M .
nr»Rr*t« kwillng •hrn. 122*

Remomti of •pilled RMterMI i
•dimnlte. 2080
blflrk powder, Hg
ebtor*cctopDcnonc, 2931
chlorplcrhi. 20S» (8)
group D, loxlrn, Irrll**!*, nmeke,

208
greup D. ebemktl, 288
Muntard, 201
pBonkene. 209M (8)
phMphnrm, 276

I

tetraebbirMe, 288*
RKNOVATtON:
. bomb*. 181

' boMler*. 188
component*, loidetl, 188 1 Met*!,

180
C^ttlfftCt WltllWtiMlllWWld^ 1 1 99
•>8nltlnn. 8*, 81*
delomitor*, 198

ft• :••. :

£,.£*
'. "l 1 '
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214 tmi»N. tun:

RKMMVATION—rnnllnnnl.
Bint ami HemMinl •mnmnlllon.

nn
fnlm, 18N
iMMrilH. in* (3)
Iniprcllnn Hf npentntn*. I lift
pf IfirVfol! 138
prrotrchnlm. 146
•ppnMltF hmillnc unrH, 128

Re«o**llon plMnl. tar-mit *nd ran-
MraHwn. 63« (n), «te

Repneklnft I
tunfflinfrfl wn* IMÔ II HIM PPHII*

flifd •mnmnHlon, 160
Ml*tfl1 CAfltnlffMifll« Wftt

•epiinte I ••din ft' pmpeltlnf
ctarRe*, 100

nnmll-Brm* *mmnnlllnii, 100
MfMwl*WMB ^OW4nl% , VZ0

•fpnlntlnn
conlDlnem. 484, Oil. Tl*. 10M,

114.18T
•epnnte londtiw nhrll. 122r

MepnlrliHT d»m*fcd CMUInera. 02,
100. 114. 18T

RRPAIR8 to milldlnR* or equip-
ment. T* (86), 8* (11)

bmpectlon of. 821 (0)
mdder*. 1681 (2) (I)

82
bultittnni. 164ft, 1041

, •»

B7»
•re In mmniclw. Wtr
forritn «li|rHi In prom* HUM*-

rtal. 164ft
fornmn, Ito (B)
RVHriMi IvV
Infarlm to •Mnonni't. In (I?),

M»
trading chrmlnl nmmnnlllnn.

248. 2Mf
Intlllllllljf |W(llM?lllHI HyWiPIIIII% •flip

. mnniliitnr.», t» (I)
RKRRVEU ARBAB. IT
HmMtnt Mfely enxlnrer, itallra,

168
R««plnitimi fur «•» wllh iwKto. l?ftf

*MNU.\I.

RRflPnNMinil.lTIKfl KOR
BAKKTV. 6

Otili-f nf (Irilmncv. nVi
. Oft. IIM

6r, t* (33)
flrr nmrahnl, IM
rnrrmen, 7«i (*2) (I). «. lit
mfrly rmclnivr, 16.1
Mfrtj nfllcpr. 9e

6e
nrrn. IT

Hlno RmmnV, 1IUI
Rlflra, nrMlnt «itnr*» wllh, 16/
Hindu ln*ol*«4 In Moraiic, >4« (»

Rimilii. 2lr (9
H«|M> Rrommcli, I IB*. I in
Ronnita. bom. M» (8), 11*1
Itiibbfrnlit floor*. 264*
Milieu far flri> prevention, 80
Rain for foremen, ft
Runwnri. ptalfomm, rnlllnil*. 1
Rtml rvmoTil, Htwrito

•Ml, 122

"•ffly «ppH«M«i (DM
•fijn Wit or 4 f

bMim. 162
rbnlra. 16*0 (2). 16M
dnor*. 160*

8«My engineer. renlaVM, 6a.

Vnfrly rqulpment (we Frofeotlw

fuM>. OH*
Bnfcly oflcrr. Or, 1B2«
BArRTY OrKRATINO

TION8 rOR MANIIPACTURINQ
AND I.OAUINO P1ANT8. 161-
IBT

Bufrty or«*nlMtlon. 162
BAFBTT I'RRCAUTIONR:

kooMten. 141
rompanratu, 141
aVtoniiloni. 141
fltrd nninmnllNni, 11T
fitfm, 141
lil|h elphwlTM. M
prliMr*, 141
pyrolechnlei, 148
*nmnit<> hMdlnK dheB, 128

RAPBTT MANHAI.

m»rml>llnii Mink
•nd wilnllnir rhnr|K«, 12r

6nlriirtlnn of etplmlwo •ml ••>
munition, 08

fnforfrment of, 0*. 0*
for foremen, 0

•Mimic, 68
lo«dln»

•hlpmenti. BT
•tomie, 84

Mrwrr BHOB". •rneral, T« (80),
IU

Murk powdw, TM
Mth *iplo«lT«i, 84
operadnRballrilnini. ItM*
Irierle ncld. 22fl»
9 It 101 WfMH !MWwV« WOff

«nd pNc«rd», 0 >
BTANDARW TOR MAW-

lirACTURINQ AND UJADIHO
BOILDINO8. 168-1T4

BntelT tool", la (44), 10. 821 (I),
T4«, 84, Mo, 100*

Mtpeter. 228
«*lt tibleM. 18*
Bihittmr drargco, •••mMr of, 12
•ALVAOK, Reneral. 02, 08 .

boo*ler«. 188
feomta, 181

inltnM,

«
•I rontraet mlnblbihnwittii. 110%
flVBnlMnn. 02«
detnmilnni,
bed ind

118
fmeK. 188
primer*. 188
MtHy refutation*, 01
•epniwfe hMdhNTiheH, 128
•mull *rm<ifimmmiltlon. 10T

talraRFd HMlertal, nMrkhw. 4M
' 0«no>r», 10T«
0*nll*rr Bimre*. IM
Itanltitlon, 1m (40), II
8*w*. elreatar, 10T*
leap* of minimi, 2

lOfl*

2ID
tMW« «..,

«•«. T« (20| l»l
T« (41)

Srdtono, m«w«ln« *re«, 24e (81
Rnrentlon nf nplonlTni «nd cm*

nonvnt* I<l8m, Appendl* II
•enlflitd nmnanltlon. aVOnltlolt.

10»» (nee rtett ••< •rmtfifrt

•RPARATR MUDIItO AMMIINI-
TION:

It*ftp*.

88«
*

121ft
endite, 120. 1MO
Ore*. 1X4
(••eril. 118*
hindllnc, 120
Mendty, llBo
lot*. M««
n*tnteninf«. 122
mirkln* nmj p*lntln«, 1100
*ethod* of *MPP»»«. 110ft
ollr Iniald*. 122»
pteklnK, 110
p*lntln* and nnrklni. 110*
ptllnit «nd itncklmt. 121« (I)
projectile*, type*, mined* «f

•nlppln«. 118». 110»
*jMnllty-«1*t«nee*, 30* <•). M*

(T)
remoTinff twt, 122«
ro-mnrhlnir. rep*lntlnR, 122«. •
renoTttloB, 128
repilntlnff, 12l»
rotittn* bnwl, protect!**, 120
*nf̂ (7 BrewHitloBO, 120
**lr«(e, 128 1 *nlppl». «••
Monie, 121
tr*f». Abnrdtw Pwttav Onnt,

RMPARATB MADINO
MHO CHAROHMt

•lr-te*llnt CMlnlaen, 100*
CMtllMtt, OT
4nM.ed.08*

m^

fctiz

w
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RKPAItATB !/>AnfNO

MKM CIIAIKIKK— Conllnimt.
Ore*. OOo
general. 00*
hnmllliiK. OS
Mrnllrirnllnn. ITit
Ntnlilnn ilimgni, Wk*

r, 100
mm kin*. 01
pm*lmr. DT
palnllne innlHlM>r. »t»
fi-parkln*. MUM
Mifrljr prrmnllmt*, nwriotlmM,

nor
tMnplnr. OS
•Inmge. no >

fk'|Mllllle niOOM. BOlldllNIN CINlWu-
•Tfll •». 4(10

ear* of taulrd •mmnnlllon. 40«
8n«rNil«n of ImlMlnpn, 40. ion*

•I ton III** Mfeljr dWiiDwt, 400
41

of •wmmtllten wllhln
mneiulnM. .Iftr. 1 21« (0)

production llnm. IQOa
rnllrond can, 4Sk ,
mh Inillillnft*. 4M
wllbln nmitRtlnni «r tmlMlnui,

M
WW^HW MnffMxIni*, nnlntfftiHI, SI
Rrwrr ojirtui, IRr. 19V
BtMftlnic. Mt, 100k: mmnta for.

. 107e
Bhrll, ntllllrry, dffrirarllnn nf, 60c
HhWrtii. mtftr. t* (!tl) (»)
Nbirt. rhmielnn. «" (l>|
8HlfMHXT». W-BT

hirnmlnn. 2t»
molnrlriK-k. OB

Mil. B.1
«7

WHlrr. B4
flllll'PINH :

Murk powdrr. 70
. r.'7« (»). 1M

PIIUTINO- Tonllnnpd.
biMHlrrr. 1MB
ClH*IHiCllI

130
Cnmpnni-nlii, mrliil. IRfl
«fr|iTlnriil«l

KM

112
]o*l
. 40

rnorlnr nmmimlllnn, III
pr«clta> mlnmi, 154
Klmrr-ili>lan*lon>. 138

13B
144

wmHlmil nmmtmlllnn. IOM
•ppnmln hmdlnc nmmanlll**,

120
load Inn prapcNtal
, N

•rectal nqalmwnlt. M
mid Kcd?lnKsir. 20

llmlllng c«n Of flplonltm il,m»
Rhom. flmnliiK, 70 (9d|
miff IT (*ra Bofetf *A*ct)

Rlmpnri, 3fle(4)
BhnlOown. condlllont for, T«(4|.

*ta (12). 22» (4)
8lgn«. ilmiRer, 100*

chrmlcul HMRmtbmi. 2B2
nî n, If |MI)

. 7« (»0»
mllrmil cramlnKH, Tn MR), IWf

lnKlc IMIIC poirtlttii. IT4
(nnlKliMTn. iii*nil«nl. no* II)
nmrklnc. M»
purklnit. 00*

Blrrn. 7(i (7)
Hkrihfht., ion; (A)
RMAI.I.AIIMR AMMUNITION;

bnxm. IIKbt, I ',
cimlnlnrni, 103*. 1031 •
diwrlptlon, lOln
rtiil rwl Inn. 60fc
vxnmlnnllni, 104*

108

ORDNAHCH HAPRTT MANVAI. 217

•MAI.UARHN AMMUNITION—
Contlnmd.

ffride*, 102
Mndllnft. 104
bMRrd*. 10B«, 108
tot*, loll. 100>

niincP, 100

lurking. 103
pnlnlliiK. IOD»
plllnn. 100
powder. 07
ilunnlllT-dliiliincv, 180(1)
rcrlnlmrJ, 100«
r»p«cHn(i, 108
Mirage. 107
•Mpplnt. 104
M«rmtr, 10B
Irtli. 102ft

8UAI.f;-ARM8 POWOBJR. 87
rlnwr* *nd kind*. 870, 87*. 870
contnlneri, 00 •
hunnlii. 87«
•Mrklnic. B0»

r Mrt, 870, 87<v 87*, 870

203ft, 208ft, 20IM
famrtM, 2700

BMOKBI^flB POWDBRt
aniion. 80
computing qmndtrM, Wki(l)
(nnlnlnrn, M, 02

1 Hrvcrlptloll 0RM40, 880
Hftlntcllon, OOn

riplmlon binrd0. 84, N
firm, 0.1
•Mhtew, 88
RTBPMI, 88
bandlloR, 014
iMMPfJv, v4t Ml
lirapectlon. 88. Bf
M*. 80»
mg«Mw>. M0(4|
•Mlnlrmum, W
imrklnf. 00»

00.
•Hint «nrt •Itrkhg. 010

NMOKRLRItN
praptrllra. 811, 2800

qmtntltjr-dliitiilico,

, 02o
rrpnlrltnt cnnlilneni. M»
MfrlF prrmilllono, M
•hlpiilng, 86il
•nmll-irmii, 87
•mull uniln. 2408
•plllrd. OM
mor«Ri>. 01, 2IM0, «t

kalldlng dtaUMM, 24« (f)

8MOKINO. 70(42)
•rent. 70(42)

Bmokf poff fhnrw*. 161
8od«0§h, 1714(2)

blc«rboMt<> of. 1781(8)
mmtlc. 202, 286k

Rodlam HariioMl*:
wlulloa, 178HS), 2TB»
Mcbromiile. dMlroy lf»d

9IO»
Hilnnilc, 281
hyilroiklr, 202
•Itrmlr. 282
Hltmlc Muck powdVr, 884
ppreblonitr, 298
•lllcMlr, for

2ROa

Boldorln*. 24f. 820(4)
BolTfntu, hmwr̂ ki of, 14
flpnclng frtleo of owivwnllloiit Wi0f

1210
BptHn* Phell. 121«(4)
Bpurk •rrralero. 2O«(14)
Rpurk.praor iMillc. 200(8)
•p0rk«, 1110(0). 1126(7 )
Rptetal •rra dhitanccii, 49
Bpectal rlolhln*. 70(18). 11, 1040
Bpeetal I'MM'pMw HI for eBemie0l 0i0>

manlllnn, 2BO, 207, SOU. 278,
181 (Men 0100 Jtr0f0ef(i<00fHlp-

kxnmntlvM, 900(14)
BW-proWHiHHI TIIIM*

'T^t*-''1-^^
• - ' - . - . > ' :
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H|*pt*f N rtrtt,
»cM. 171*
mulrrlnl (we Rrmaml of

Iml iimmnnllkm. 271 2TM
r*r* at Irnrkii rmtlnlnlnft

454
Rpnllln« rbnrn* fur tiMrtlM-

bnmhn, 127»
Mpottlmi rallrmid rani. 4n<ilt).

Ifln*
BpPt̂ Mif Af fJB||ij|d||ido( Iffvycfif Irlfl.

244 (2) 4 1
Pprlnklrn, nppn hmil. |7Ml2l
HfRINKUm RVRTKMS. IT.'

drlnRp uml ilmwHlnR. inn*
fnr npkMlrr II itptTilltuHi.

IIK!k(2)
HlllilMli- I»K nf omnkrlmi pnwrfrr.

60
Nlirklni nptmlTHi ind nmnninl.

lion. 28
Main, flu* ffrnff.

Nommebtlnre I.M. link
Minitardii, Mfrir. fnr nmnnfiwlnr

imr MINI ifMdinv intiid'npff.
IOB-174

Blinnlc cblorMe. 246. MM
IM*le nnd nmnlclpnl taw* nn Iran*

imrlHlhm. 62
RTATIC ELBCTRICITT. 7*I4I|.

«»• (T)
nllrarellnlmir trajr*. 2lMY(4l

Miiylnff ind bridnK Mprt|»wiil. AS
RlenclllnR mntiln«ni. 7«(2M)

•I Milnphin *nd rwcMim bnlM-
imn. tif

UTORAOR:
•cbm. 171. I7H
•diplrra (ire K«mifcn|
•mmoiiliim nitrate. 78k. Ifllk
•mmanlum pMrale lpi|il<ifi|vi>

IM. 77e. inzn
Murk powder. 70
Mnollmi euro, IfWr
hlnrkN of mimxlnm. 49r
nomn*. 240 (2) (4i Hi. I2»
bomlrr*. 136
hnlk hlfffa vpkMlm. 24r 12) ft

Ih. 81

fiTttRAilM— rrnittoitrd.
ntrlmrx. urtil. IT*
rhrmtail imimmlllnfi. 244 12) i

fnrral riilm. 247
rmtinnnrnl*, Ull, in*
rnnlilnrr*. ill

rirlimllnr*. l.KI
i»vr. IN* (12)

IB24

fnr, 28»
D. TTr. IW«

•«rd NMI iwminiril immttnllln*,
11.1

run*, im ,
Biwral rrRttlntlimii fnr. 29
•roti|i A. chemical MHmK. 2M
Vmn|i B, chenilml dfllng*. 264
Uranp C, chcmlrvl flllln(i, 272, 0.

high rxphMlTM. 81 ,
trwlnlfr. 206
Illrtit mnrlur immnnlllon. HI
llqnMn, ratal Ite. 171
Wl^fRl fOtnfpMIIMt I P, Inn
Muni, i ita, MM
•llrmlirrh. ir.Zk (2) '
old type NiNftixIni'ii. cmnptjrloi

with vplrlt of r«mtl*flnim. IM
itpra. onlileor. 28«. 247r. 247f
phopphord*, 272
piling' und •turklnc rnmpmmH*.

inno
pmrticf mlNm. in I
(irltwrn. 1»«
pvrnlrrhnlm. 146

ftml BHXrdii InViilwa. 24r
(21 (o)

II
MHHIHltlll Hlfl.

loffdln*
Ill

prnpettlni .-J

minll nrmii nmmnnlllnn. 181

Itmpnniry, 2M
TNT. 75. 7ftt

OROrTANOB

•TORAOB— OtnttalMA
Tolillto Hqnldi, 171
while pbotphorM, 171

rrOIAOR AND HANDUHO W
IIACARDOUR RAW MATMII-
ALfl. BXPLtUSlVM AND IN.
FLAHHABLM. 1T*-M«

irORAOH ARMAflt
Mock* of •MVlflitt*. 42*
Mr* ind ••InlnMMt, Ift
4«Bnl(lon, tl
•«w. 42*

24
420

ITORAOB CHART, ApfMill It,
I. C.C..2U

•lerrboawfl, 244 (2) (•)
•twine t«fethtr, M«. Appeals It
•Iwim, clcclrkol, 7« (4) .
•lr«l|kt nKrorFMalwt type

den. 874
llrttchen. 12» ,•
•UMrtlaoi cblonlt, SM

»ltr*(«, 235
pcro'kMc, 2M

•TRUCTDRAL DAMAdfl,
IIM, 874 (If

brkk or »lon« MMtaf. 874 fl)
(•)

frame buHdlni. 174 (1) (»)
Inhibited building 874 (1)
rtllroid «vilpm«Dt, 174 (2)

•ob-lmllillnn. wltW» oporathNi
Mne, 404

Mittintlil dumiite, 8T4 (1)
BiitoUntlil dlTtdlnt MH. IM, 14
•oMtmlloM. 8a (It)
BMMblllty of n«MtaN. 944
•altar trlexldp-chlorrairoBle MM

mixture. 248,288ft
MpheMtlac proeCM, SSM
Mpharle idd, 178f, 184
8URVBILLANCB!

. 88

88
Bftfl VI ftltuH ffj

(MI* of
•wtteklne con. 188t
•fwptthetle detoaitloB,

87»

MANOAf, 219

•MNlltr-dMtinre (MO

MMdhif iihell. 1228
Tile, 2121
Ttenk nn, 20* (ft), 2U (2)

tmllfrn, 2M (8). 21* 12)
lracht,20o(8),SU(2) .

Tlnket
drownlnff, I84f
•taret* «r vvkittt«

I7lo i
Temportry llnhtri. T* (18), 87»

MMRMlnw (Iftoo), B8« (S)
ttornfe, 264

TtroilMlt, mbltoff. 981
TMTfll

CDIltMlBCH, 100O
flitd •mmimltloti. AtetdeM

Qroond, 1188
140

Uthtnlnt proteello* tjrttcM, »M
iniicMnery. T« (24)
operating twIMInff*, 164*
•eniirate hMdlng tkelt, A. P. O,

J2lk
•mill-Rum •mrntmltlen, 1828
oprlnklera oyitenN, 1721
•HWi«7 of MMMem powder. 88

Tetrieblorldct
corban, 201
tltinlam, 246, 2ffiln, 2884

Tetryh
electric MMtlnf MIW, IBS*
totp, 70k
propertlM, T8«
•»•. 79*

Thermll. 288. 248. 2T8n

Tltinlvm tetnchlorido d
246, 268k

•rat Hid, 2664.
TNT (triBlltototaMc) t

hulk, 880 (8), 7to
clwrMtetMlct, 76o
ftmdw, 764
Mo, 760
•tonic. Tl, Tfc
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220
Tm> hour*, lint (91

TnHifW, 2.10
Tnnl fciwrrt, fti (HI

f»f. 1411
rin-rkln* In. In (Ml III
htm nf. H» (0)
mfrly. T« (41) Ml. 10. X!» (2).

T4o. m, WM. inm
M«nl In ImmnlmM mdlrrKI. in In

Tnrrhm. Mnw. .12k (4)
T«*N- krllDHlii nn.1 «!«*••. »in.

Trurim:
rtrnni
Mrrnw

. IWVi

MANUAL
Tnnnrln. fnr pipe*, IMMMRCWift.

TnrlH-nllnr. 243
Two-wnt »tll, mllreml. To (M)
Typ«i« nf mnmitlni* rnnHlMrtwni, M
Uniform*. M

Iml I nim nn. IU
iiK. Tn I 111
In. II*

llnlrnidln* cw«, IIKM
condition*. rnrrrrllnR. l̂ -

. To (4TI

Tmlnlnc
. IINUk

to l-ini. M
Training Kifnmhw. IROr

Tmmmlmlnn HUM. inn (101

llnmtn of RtnlmilTM. M
6!*

rrRNtallnmi. T*
f

, 4T-r,|
Inlraptanl. 1(3
mbtnrlrnrk. Bn
part Nml Imrlmr rrmhilliNM. H'J

. ail oft*. IT2<f
•prhtklrf fjrtrm, IT2r

Vnrnlnhm, 222
VmillH :

pitrlli-rnTrtnl. fnr Tnb>MI» It-
qntil-i, ITlo; fronlprnnf. fur

1 101
Tml HulNin,
VmlmnlM. nmdnintl. 210. TIM 2ft
Vllrlnl. nil t.f. 1*4

dlrMIng («PC
MMfb)

Wnrrhnnimi. 2fl« IT I
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Section II

GENERAL DISCUSSION

4. NOMENCLATURE.

a. SNL groups. Standard nomenclature is established so that
every item supplied by the Ordnance Department may be specifically
identified by name. It consists of the type, size, and model of each
item. Its use for all purposes of record is mandatory, except where
use of AIC symbol (par. 4 h) is authorized. Ammunition nomen-
clature is published in ORD 11 Standard Nomenclature Lists (SNL's)
of groups P, R, S, and T, and its exact use will keep to a minimum
errors in the shipment, storage, issue, recording, and use of ammu-
nition items.

( 1 ) Group P contains lists of ammunition for medium and heavy
field artillery (155-mm gun and above), coast artillery, and anti-
aircraft weapons.

(2) Group R contains lists of ammunition for light and medium
field, tank, antitank, and aircraft artillery weapons (20-mm gun
through 155-mm howitzer), mortars, mines, and demolition material.

(3) Group S contains lists of bombs, grenades, pyrotechnics, and
rockets.

(4) Group T contains lists of ammunition for small-arms
weapons.

b. Ammunition Identification Code symbols. The Ammunition
Identification Code (AIC) symbol has been established to facilitate
the supply of ammunition in the field. Code symbols assigned to
each item of ammunition in a specific packing are to be used in
messages, requisitions, and records. These code symbols are published
basically in ORD 1 1 SNL's of groups P, R, S, and T. A full explana-
tion of the composition and use of the AIC symbol will be found in
SB 9-AMM 5 and changes thereto.

a
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5. CLASSIFICATION.

a. General. Ammunition is classified according to use as service,
practice, blank, or drill (or dummy). It may also be classified
according to type of filler as explosive, chemical, or inert.

b. Service ammunition. Service ammunition is intended to be
fired for effect in combat. Such ammunition (except small-arms
ammunition) may be further classified according to type as high-
explosive, high-explosive-antitank, armor-piercing, gas, smoke, canis-
ter, incendiary, illuminating, or pyrotechnic.

c. Practice ammunition. Practice ammunition is fired for effect
in simulated combat and is provided for training in marksmanship.
The projectile in this type of ammunition may have a small quantity
of low-explosive filler to serve as a spotting charge, or it may
be inert.

d. Blank ammunition. Blank ammunition is provided in small
and medium calibers for saluting purposes and simulated fire. It has
no projectile.

e. Drill ammunition. Drill or dummy ammunition is used for
training in handling and loading ("service of the piece"). It is com-
pletely inert.

6. IDENTIFICATION.

a. General. Ammunition is completely identified, except as to
grade, by painting and marking on original packing containers. For
purposes of record, the standard nomenclature of the item, together
with its lot number, completely identifies the ammunition. Once
removed from its packing, ammunition may be identified by the
painting and marking on the ammunition items. Other essential
information may also be obtained from the marking on ammunition

3
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items. The muzzle velocity of projectiles may be obtained from the
firing tables and ammunition data cards; in the case of some rounds
of smaller caliber, the muzzle velocity may appear on the packing box.
Included in both the marking and the standard nomenclature are:

(1) A brief description of the type or suitable abbreviation
thereof.

(2) Caliber, weight, or size.

(3) Model designation.

(4) Where required, such additional information as the model
and type of fuze, the model of the cannon in which the item is fired,
the weight of projectile for which a separate-loading propelling
charge is suited, etc.

(5) The lot number is marked on the ammunition but is not a
part of the nomenclature. However, when referring to specific ammu-
nition, it is necessary to mention the lot number as well as the
standard nomenclature.

b. Mark or model. To identify a particular design, a model
designation is assigned at the time the model is classified as an
adopted type. This model designation becomes an essential part
of the nomenclature and is included in the marking of the item. The
present system of model designation consists of the letter "M" fol-
lowed by an arabic numeral, for example, "Ml." Modifications are
indicated by adding the letter "A" and the appropriate arabic
numeral. Thus, "M1A1" indicates the first modification of an item
for which the original model designation was "Ml." Wherever a "B"
suffix appears in a model designation it indicates an item of alterna-
tive (or substitute) design, material, or manufacture. Certain items
standardized for use by both Army and Navy are designated by "AN"
preceding the model designation, for example, AN-M103A1, AN-Mk
19. Prom World War I to 1 July 1925, it was the practice to assign
mark numbers, that is, the word "Mark," abbreviated "Mk," followed

4
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by a roman numeral. The modification was indicated by the addition
of MI to the mark number, the second Mil, etc.; after 2 April 1945,

.these roman numerals in Mark numbers will be indicated by arabic,
rather than roman, numerals. This change from roman to arabic
numerals will affect ammunition items in use by the U. S. Army
which are of British or Navy origin, and also older army items which
are now assigned Mark numbers. Prior to World War I, the year
in which the design was adopted, preceded by the letter "M," was
used as the model designation, for example, M1914.

c. Ammunition lot number. At the time of manufacture every
item of ammunition is assigned a lot number. Where the size of
the item permits, it is marked on the item itself to insure permanency
of this means of identification. In addition to this lot number, there
is assigned to each complete round of fixed and semifixed ammuni-
tion an ammunition lot number which serves to identify the condi-
tions under which the round was assembled, and the components
used in the assembly. This ammunition lot number is marked on

every complete round of fixed and semifixed ammunition (except
where the item is too small) and on all packing containers. It is
required for all purposes of record, including reports on condition,
functioning, and accidents, in which the ammunition is involved.
As far as practicable, all complete rounds of any particular ammuni-
tion lot are made up of components selected from the same lot. To
obtain the greatest accuracy in any firing, successive rounds should
be from the same ammunition lot. '

d. Ammunition data card. Ammunition data cards will be fur-
nished in the prescribed amounts for all ammunition items of issue
except small-arms ammunition. This is a 5- by 8-inch card, on which
is printed data concerning the item and its components. Data cards
are forwarded with shipping tickets at the time of shipment and are
also sent to the ultimate consignee. Information on the cards in-
cludes lot number; date packed; identity of components; expected
pressures; expected muzzle velocity; assembling and firing instruc-
tions when required; and AIC symbols on lots now being produced.

$
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7. PAINTING AND MARKING.

a. Painting. Ammunition is painted primarily to prevent rust.
Secondary purposes are to provide, by the color, a ready means of
identification as to type, and to camouflage the ammunition by the
use of lusteriess olive-drab paint. See figures 1 to 16, inclusive,
for the use of color on ammunition and its packings. The color
scheme is as follows:

(1) For ammunition other than bombs, small-arms ammunition,
and pyrotechnics:

High-explosive . . . . . . . . . . . . . . . . . . . . . . . . . . Olive-drab, with marking in yellow

Low-explosive . . . . . . . . . . . . . . . . . . . . . . . . . . Red, with marking in black

Illuminating . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Gray, with 1 white band and marking
in white

Chemical:

Persistent casualty gas . . . . . . . . Gray, with 2 green bands and mark-
ing in green

Nonpersistent casualty gas.... Gray, with 1 green band and marking
in green

Persistent harassing gas . . . . . . . . Gray, with 2 red bands and marking
in red

Nonpersistent harassing gas . Gray, with 1 red band and marking
in red

Smoke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Gray, with 1 yellow band and mark-
ing in yellow

Incendiary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Gray, with 1 purple band and mark-
ing in purple

Practice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Blue, with marking in white

Dummy or inert. . . . . . . . . . . . . . . . . . . . . . . . Black, with marking in white (bronze
or brass assemblies are unpainted).

TM 9-l°QO Par. 7
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(2) For bombs, other than chemical and practice, the painting is
olive-drab, and 1-inch color bands are painted at the nose and tail
ends of the body. Markings are in black, except for the incendiary
bomb which has purple stenciling. The color of the bands is as fol-
lows for the types of bombs indicated:

High-explosive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Yellow
Incendiary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Purple
Drill or inert . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Black

When bombs are loaded with Composition B, "COMP. B" is stenciled
twice, 180 degrees apart on each band. When bombs are loaded with
tritonal, a third color band, Vi-inch wide, is located midway between
the two bands on either end. These bombs have an inert pad in each
end. When TNT or COMP. B loaded bombs are equipped with
inert pads, they will be stenciled "WITH PADS" to distinguish from
bombs with the small filling, but without pads; the purpose of the
inert pad is to render the bomb less sensitive to blows on the end
during handling and shipping. Practice bombs are painted blue with
white markings but have no color bands. Small fragmentation bombs
have no color bands but the nose and tail are painted yellow. Chem-
ical bombs are painted gray, except incendiary bombs which are
painted olive-drab, and marked with color bands and stenciling in
accordance with the color scheme for other ammunition given in step
(1), above.

(3) Small-arms cartridges do not require painting. However, the
bullet tips of cartridges are painted a distinctive color (fig. 1) to aid
in ready identification as to type, as follows:

Ball . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .No color tip

Armor-piercing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Black

Armor-piercing-incendiary ............Aluminum (silver)

Armor-piercing-incendiary-tracer ..Red with aluminum annulus to the
rear
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Incendiary

Tracer . . . . . .

Frangible

TM 9-1900

.Various shades of blue

.Various shades of red, such as
orange and maroon, and white

..White tip with green annulus to
the rear

(4) Pyrotechnics are not marked in accordance with the general
color scheme but, where color markings are used, they indicate the
color of the pyrotechnic effect produced. In general, however, pyro-
technics, are painted gray with marking in black. If the body of the
item is aluminum or magnesium, it may not be painted. If the item
is intended for incendiary purposes, markings are in purple.

b. Marking. The marking stenciled or stamped on the ammuni-
tion and on its packing container includes all information necessary
for complete identification. Further information concerning painting
and marking will be found under the specific type of ammunition in

chapter 2 and in section IV of chapter 3.

8. GRADING.

a. Ammunition is manufactured to rigorous specifications and is
thoroughly inspected before acceptance. Ammunition in storage is
periodically inspected and tested in accordance with specific instruc-

tions furnished by the Chief of Ordnance.

h. Each lot of small-arms ammunition is graded primarily on the
qualities which make that lot especially suitable for use in a particu-
lar class of small-arms weapons such as aircraft and antiaircraft
machine guns, rifles, and ground machine guns (WD SB 9-AMM 4):

c. Each lot of ammunition other than small-arms ammunition is
graded as a result of surveillance tests into one of four grades, depend-

ing on its serviceability (WD SB 9-AMM 1).

TM Par. 8
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BALL

HIGH-PRESSURE TEST

ARMOR-PIERCING

ARMOR-PIERCING
INCENDIARY. M8

.
IMTENDIARY-TRACER

INCENDIARY

INCENDIARY. CAL. .50.
M23IM8)

ARMOR-PIERCING-
INCENDIARY. T49

TRACER. M17

TRACER. M10. TIP. T43

FRANGIBLE TRACER. Ml. M16, T30, M21

RA PD 97768

Figure I — Color Wenfiflcafion of Small-arms Ammunition Types
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HIGH EXPLOSIVE tf.C.Hf,
ht, AT, Afc-r. w/exnosivf)

HARASSING GAS-PERSISTENT.

INERT (£C; HVAP-l DUMMY
; AM, AfC-r,

LOW JXPIOSIVE ff C.5HIWNH)

RA PO f 7W

Figure 2—Color Identification of Artillery Projectiles
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TYPE AND MODEL OF FUZE'

WEIGHT-ZONE MARKING-

WITH
TRACER

-CALIBER AND DESIGNATION OF WEAPON-
KIND OF FILLER-

-TYPE AND MODEL OF SHELL—-_

<"WITH TRACER" - INDICATES PRESENCE
OF TRACER

-LOT NUMBER OF LOADED SHELL-

FLASHLESS OR FLHLS.
SMOKELESS OR SMKLS;

FLA5HLESS-SMOKELESS OR
FLHLS- SMKLS. AS APPLICABLE

——LOT NUMBER OF CASE —

I—CALIBER AND MODEL OF CASE—

'AMMUNITION LOT NUMBER
AN "X" AntH JHt

SHMl NUMU* WOfCAKS
Srffl CAKTKDGt CASE

TYPE AND MODEL OF SHELL'
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Figure 3 — Typical Marking of Fixed Artillery Ammunition
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A- 2 DIAMETRAL STRIPES AT RIGHT ANGLES
AND "REDUCED" INDICATE
REDUCED CHARGE

B-2 BANDS'AND "REDUCED" INDICATE
REDUCED CHARGE

C- 1 DIAMETRAL STRIPE AND "NORMAL"
INDICATE NORMAL CHARGE

D- 1 BAND AND "NORMAL" INDICATE
NORMAL CHARGE

E-"SUPER" INDICATES SUPERCHARGE
F-AMMUNITION LOT NUMBER AND LOADER'S

INITIALS
G-MANUFACTURER'S INITIALS AND YEAR

OF MANUFACTURE
H - CALIBER AND MODEL OF CARTRIDGE CASE

-MODEL OF SHELL
J-WEIGHT-ZONE MARKING
K- KIND OF FILLER
L- CALIBER AND TYPE OF CANNON

HA PD (0*79

Figure 4 — Marking of Fixed Artillery Ammunition To Indicate Reduced, Normal, and Super Charges
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Figure 12 — Cofor Identification of Rifle Grenades
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Figure 15 — Color Identification of Antitank Mine*
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9. » -OrilTY OF ISSUE.
a. Subject to special instructions from the Chief of Ordnance,

ammunition of appropriate type and model will be used in the fol-
lowing order: limited standard, substitute standard, standard. Within
this rule, ammunition which has had the longest or least favorable
storage will be used first. Among lots of equal age, priority of issue
will be given to the smallest lot.

l>. To prevent the building up of excess stocks in the field, trans-
fers from one station to another should be arranged within the service
command if no stock of appropriate grade for immediate use is on
hand.

r. Priority of issue for lots of small-arms ammunition is estab-
lished by the Chief of Ordnance and published in WD SB 9-AMM 4
or in special instructions.

(I. Further details will be found in War Department Supply Bulle-
tins of the 9-AMM series and in AR 775-10.

10. CARE AND PRESERVATION.
ti. In order to keep ammunition in a serviceable condition and

ready for immediate issue and use, due consideration should be given
to the general rules given below. Detailed information on care and
preservation is given in chapters 2 and 3.

li. Store ammunition in the original containers in a dry, well-
ventilated place protected from the direct rays of the sun and other
sources of excessive heat.

r. Keep ammunition and its containers clean and dry and pro-
tected from possible damage.

<l. Disassembly of components of ammunition, such as fuzes and
primers, without specific authorization, is strictly prohibited. Any
alteration of loaded ammunition, except by direction of the technical
source concerned and under the supervision of a commissioned officer
of that service, is hazardous and must not be undertaken.

«•. Do not open sealed containers or remove protective or safety
devices until just before use, except as required for inspection.

f. Explosive ammunition must be handled with appropriate care
at alt times. Explosive elements, such as in primers and /uzes, are
sensitive to undue shock and high temperature.

p. Return ammunition prepared for firing but not fired, to its
original packing, and mark it appropriately. Use such ammunition
first in subsequent firings in order to keep stocks of opened packings
at a minimum.

778121 O - « - 2 is
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.action III

MILITARY EXPLOSIVES

11. GENERAL. To understand the composition and functioning of
a complete round of ammunition, a basic knowledge of the character-
istics and uses of military explosives is necessary. In order that am-
munition may function at'time and place desired, it is necessary to
employ different kinds of explosives, each of which has a specific role.
Explosives suitable for one purpose may be entirely unsatisfactory
for another. Thus, the explosive used to burst a forged steel projectile
would not only be unsuited but also highly dangerous if used to pro-
pel the projectile out of the weapon. Similarly, the explosives used
in initiators, such as in primers and fuzes, are so sensitive to shock
that only small quantities can be used safely. The characteristics of
various types of explosives are given in sections IV and V. For fur-
ther information, see TM 4-205 and TM 9-2900.

12. DEFINITION. Any mixture or compound which, under the
influence of heat or mechanical action, undergoes a sudden chemical
change (decomposition) with the liberation of heat and light energy
accompanied by a large volume of gases, is called an explosive.
13. CLASSIFICATION.

a. Explosives are classified as low and high explosives according
to their rates of decomposition when such decomposition is initiated
by the spit of a flame or a mechanical shock. A more exact classifica-
tion for military purposes distinguishes between nonpropagating and
self-propagating explosives. Therefore, explosives are divided into
two basic groups: Low explosives (propellents) and high explosives.

(1) Low EXPLOSIVES. Low explosives are combustible materials
which decompose very rapidly but do not normally explode; this ac-
tion is called deflagration. In decomposition, they produce a large
volume of gases which produce enough pressure to propel a projectile
or rocket forward. The rate of burning is an important factor and
depends upon such factors as pressure, grain form, composition, etc.
Low explosives do not usually propagate a detonation. Under certain
conditions, however, they react in the same manner as high explosives,
that is, they may detonate.

(2) HIGH EXPLOSIVES. High explosives are characterized by the
extreme rapidity with which the decomposition occurs; this action is
called detonation. They decompose almost instantaneously, either
in a manner similar to an extremely rapid combustion, or with rupture
and rearrangement of the molecules themselves. In either case, gas-
eous and/or solid products of reaction are produced. The disruptive
effect of the reaction makes the explosive valuable as a bursting
charge but precludes its use as a propellent because the gases are

M
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fon. .u .^quickly that excessive pressures would be developed which
might burst the barrel of the weapon. A detonation may be pictured
as resulting from an explosion wave traveling through the high-ex-
plosive charge at an extremely high velocity (22,000 to 27,500 feet
per second).

14. REQUIREMENTS OF AN EXPLOSIVE.
a. General military requirement*. Before an explosive can be

adopted for military use, it must have the following characteristics:
(1) Chemical stability over extended periods of storage. under

normal conditions.
(2) Ability to withstand the mechanical shocks incident to load-

ing, transporting, and handling.
(3) Ability to withstand the shock of set-back on firing weapon

(when used in artillery shell), or impact when dropped "safe" (when
used in bombs).

(4) Susceptibility to complete ignition or detonation under the
action of the preceding element of the explosive train.

(5) Brisance (shattering ability).
(6) A reasonable degree of economy in manufacture.
h. Specific military requirements. Additional requirements, dif-

fering from the basic ones, must be established to make sure that the
explosive will perform properly in the capacity desired. In deter-
mining by tests whether a given explosive will meet the requirements,
consideration must be given to stability, sensitivity, and brisance.

(1) STABILITY. Stability refers to the capacity of an explosive
to retain unaltered its chemical and physical properties during an
indefinite period of storage, under normal conditions or at higher than
normal temperatures.

(2) SENSITIVITY.
(a) To shock or impact. Sensitivity to impact or shock refers

to the ease with which an .explosive can be detonated by the sudden
application of mechanical force.

(b) To detonation by means ol initiators. Th# standard sensitivi-
ty to detonation by initiating agents other than nfechanical impact is
expressed in terms of the amount of initiating explosive as, for ex-
ample, mercury fulminate required to effect complete detonation of
a given weight of explosive under a given set of conditions.

(3) BRISANCE. Brisance is the ability of a detonating explosive
to shatter material close to it. This property is different from the
potential heat energy of the explosive, sometimes referred to as power
or strength, which determines the force an explosive can exert when
it explodes. Such force depends upon the amount of gas generated
and the temperature reached during an explosion, whereas brisance

n
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Figure 17 — Explosive Trains In Artillery Ammunition
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Figure 18—Detonating Wave Amplified by Use of Booster

depends on the velocity with which a detonation occurs. Black pow-
der, for instance, is a "powerful" explosive because of the large amount
of gas that it generates upon explosion, but its brisance is very low
because of the low rate of explosion.

15. EXPLOSIVE TKAIIXS.
ti. General. The arrangement of a series of explosives begin-

ning with a small quantity of sensitive explosive and terminating with
a relatively large quantity of comparatively insensitive explosive, is
termed an "explosive train." In general, there are two such trains
(fig. 17): the propelling-charge explosive train (which is always a
low-explosive train), and the bursting-charge explosive train (which
may be either a high- or low-explosive train). In all explosive am-
munition one or both of these explosive trains will be found.

h. Propelllng-rharge explosive train. The propelling-charge
explosive train is employed in the ejection of the .projectile from the
weapon on its way toward its target. This train usually consists of
a primer, an igniter or igniting charge, and a propelling charge. Thus,
a spit of fire from a small quantity of sensitive explosive (the primer),
initiated by a blow from the firing pin, is transmitted and intensified
(by the igniter) so that a large amount of relatively insensitive ex-
plosive (the propelling charge) burns in the proper manner to propel
the shell forward.

(1) SMALL-ARMS AMMUNITION. In small-arms cartridges, where
the propelling charge is relatively small, the igniter is not required.
The components in this train are a percussion primer and a propelling
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charge. The firing pin explodes the primer and the flame passes
through the vent leading to the powder chamber and ignites the pro-
pelling charge; the expansion of the resultant gases forces the bullet
out through the bore of the weapon.

(2) ARTILLERY AMMUNITION. The propelling charge explosion of
a round of artillery ammunition is slightly different from the one in
small-arms ammunition. In this train, it is necessary'to place an
auxiliary charge of black powder, called the primer charge or igniter
charge, between the primer and the propelling charge. The addition
of the primer charge is necessary because the small flame produced
by the primer composition is not of sufficient intensity to initiate prop-
erly the large quantity of propellent powder. The primer or igniter
charge may be contained in the body of the primer, making one as-
sembly of the percussion element of the primer and the primer charge
as in fixed ammunition, or it may be divided between the primer body
and the igniter pad attached to separate-loading propelling charges.

c. Bursting-charge explosive trains.
(1) Although there are two explosive trains—the propelling-

charge explosive train and the bursting-charge explosive train—the
term "explosive train" as commonly used is intended to mean the
bursting-charge explosive train. Bursting-charge explosive trains may
be classified as high-explosive trains or low-explosive trains.

(2) LOW-EXPLOSIVE TRAIN. When low-explosive projectiles or
other types of missile reach the point of functioning, the series of ex-
plosions which takes place is known as the low-explosive train. In
base-ejection smoke shell, the explosive train consists of a percussion
primer, a time train of black powder, a magazine charge of black
powder, and an expelling charge of black powder. The action is
initiated by the firing pin of the fuze striking the primer, the resultant
flame being transmitted through the components named to the ex-
pelling charge. The explosion of the expelling charge forces the
smoke canisters out of the base of the projectile.

(3) HIGH-EXPLOSIVE TRAIN. When the projectile or bomb reaches
the target or the point at which it is set to function, the series of ex-
plosions which takes place in order to detonate the projectile is known
as the high-explosive train. The basic components which must be
present in practically all high-explosive trains are a detonator, a
booster, and a bursting charge. Other elements are sometimes re-
quired, but these three charges are fundamental.

(a) The detonator sets up a high-explosive wave when initiated
by the stab action of a firing pin or by a flame. This detonation is so
small and weak that it will not initiate a high-order detonation in the
bursting charge, unless a booster is placed between the two. The
booster picks up the small explosive wave from the detonator and
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amplifies it to such an extent that the bursting charge is initiated with
a high-order detonation (fig. 18).

(b) To gain the action necessary to control the time and place at
which an explosive will function, it is necessary to incorporate other
components in the high-explosive train. The action desired may be
a burst in the air, a burst instantly upon impact with the target, or a
burst shortly after the projectile has penetrated the target. The com-
ponents which may be used to give these various actions are a primer,
a black-powder delay pellet or train, an upper detonator, or any com-
bination of these components. Regardless of the arrangement of the
components, the basic chain will remain the same, other components
being placed in front of the basic chain.

(c) The action which causes a projectile to burst in the air may
be obtained by placing a primer, which is fired when the projectile
leaves the weapon or when the bomb is dropped, and a black-powder
time train in front of the basic chain. The primer ignites the time-
train rings, which burn for the length of time for which the fuze is
set and, in turn, initiate the action of the detonator, booster, and
bursting charge.

(d) To burst the projectile promptly upon impact with the target,
a superquick or instantaneous action is necessary. This action is
usually obtained by placing an upper detonator in the extreme front
of the fuze and a lower detonator in the body near the booster charge.
In this manner, the detonating wave is transmitted instantly to the
bursting charge.

(e) To permit penetration of the target by the projectile, a delay
action is necessary. This is obtained by placing a primer and delay
element ahead of the detonator. In some cases this combination of
primer and delay is inserted between an upper and lower detonator.

(I) A variation of the high-explosive train is found in chemical
shell. In this train there is no large bursting charge such as is found
in high-explosive projectiles, as it is only necessary to rupture the
shell case and allow the chemical contents to escape. The actual
bursting of the case is accomplished by an enlarged booster, known
as a burster charge, contained in a tube running <)own the center of
the shell. ____

Section IV

PROPELLANTS

16. GENERAL. All explosives currently used as propellents have
a nitrocellulose base and are commonly known as smokeless powders.
Various organic and inorganic substances are added to the nitro-
cellulose base during manufacture to give improved qualities for spe-
cial purposes. These powders are distinguished by such terms as

31



-General General

S

SINGLE PERFORATED

MULTI PERFORATED

RA PD S0877A

Figure 19 — Types of Powder Grains
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douoie-base, flashless, and smokeless, as well as by commercial trade
names or symbols. Black powder, which was formerly classed as a
propellent, is no longer used as such but is now used as a delay
element, as an igniting charge for propellants, in flash reducers, or for
other special purposes.

17. SMOKELESS POWDER.
a. Characteristics. Smokeless powder is essentially gelatinized

nitrocellulose and is manufactured in the form of flakes, strips, pellets,
or perforated cylindrical grains (fig. 19). Powder is made in different
shapes to obtain certain types of burning (par. 17 <•). The cylindrical
grains are made in various diameters and lengths. Grains vary in
diameter from 0.032 inch for caliber .30 cartridges to 0.947 inch for
16-inch propelling charges, and vary in corresponding lengths from
0.085 inch to 2.170 inches (fig. 20). For small-size grains either no
perforation or a single perforation is required. However, for larger
grains, seven equally spaced perforations are present in order to have
a large burning surface area (par. 17 c). The critical dimension is
the web size, that is, the average thickness of the powder between the
perforations. In color, the grains vary from a light amber to a deep
brown or black.

}>. Solvent. Smokeless powder is manufactured to contain in the
finished grains a definite amount of solvent (an ether and alcohol
mixture). This amount varies from 0.5 to 5 percent. If there is a
marked change in the amount of solvent, a change in ballistic proper-
ties will result. Powder must be carefully protected against high tem-
peratures and moisture. To guard against changes due to such con-
ditions, smokeless powder is always packed in airtight containers.
Some rocket propellent powder may not contain any solvent.

r. Burning action.
(1) GENERAL. Unconfined smokeless powder burns with little

ash or smoke but, when confined, its rate of burning increases with
temperature and pressure. In order not to exceed the permissible
chamber pressure of the weapon in which it is to be used, the rate of
burning of the propellent has to be controlled. At constant pressure,
the rate of burning is proportional to the powder surface free to burn.
Therefore, powder is made into accurate sizes and definite shapes.
Figure 21 illustrates the "progressive" burning of a powder grain.

(2) DEGRESSIVE BURNING. As the surface of the cord and strip
forms of smokeless powder change with burning, the surface of the
grain decreases. The burning action of these grains is, therefore,
classified as "degressive."

(3) NEUTRAL BURNING. As a single-perforated grain burns, the
outer surface decreases and the inner surface increases. The result of
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Figure 21 — Progressive Burning of Powder Grains

the two actions is that the total surface remains approximately the
same in area. The burning of this type of grain is known as "neutral."

(4) PROGRESSIVE BURNING. When the multiperforated grain
burns, the total surface area increases since the perforated grain burns
from the inside and outside at the same time. This type of burning is
called "progressive" (fig. 21).

(5) SLIVERS. When a multiperforated grain is not completely
consumed, portion's of the grain remain in the form of slivers (B, fig.
21) and are normally ejected as such from the weapon,

<l. Use. Nitrocellulose smokeless propellents are used as the
propellent for small-arms and larger-caliber ammunition. The per-
forated form of grain is the one most commonly used in United States
military powders. Single perforated grains are used for small arms,
minor-caliber weapons, and certain howitzers. Powders with seven
perforations are used for larger-caliber weapons.

18. DOUBLE-BASE POWDER (BALLISTITE). Ballistite is a
combination of nitroglycerin and nitrocellulose, containing approx-
imately 13.15 to 13.25 percent nitrogen obtained by mixing pyro
powder (12.6 percent nitrogen) with guncotton (13.35 to 13.4 percent
nitrogen). The nitroglycerin serves to increase the potential. Small
percentages of inorganic salts are often added to reduce the flash and
increase the ease of ignition. Ballistite is used in shotgun shells, field
mortar increments, and rocket motors. Double-base powders cause
more erosion in the weapon barrel but are being used increasingly
because of the higher muzzle velocities obtainable by their use.
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19. STANDARD SMOKELESS AND FLASHLESS POWDERS.
a. These powders, which were formerly designated as FNH

(flashless-nonhygroscopic) and NH (nonhygroscopic), are a mixture
of nitrocellulose and other materials added to cool the products of
combustion, thereby reducing the flash and the hygroscopicity, that is,
the tendency to absorb moisture. They are used as propellents for
most weapons of 37-mm and larger caliber. Nitroglycerin is used in
certain powders where especially rapid burning is required and in
certain high-velocity rounds and weapons.

It. Rounds of certain caliber, such as 3-inch, 76-mm, and 90-mm,
are designated as "flashless," "smokeless," or "flashless-smokeless," de-
pendent upon flash and smoke characteristics upon firing.

r. Whether ammunition upon firing is flashless, smokeless, or both,
depends upon the weapons in which used, the type of ignition used,
weapon wear, the temperature of the tube of the weapon, and the
quantity and design of the propellent powder. Flashless and smoke-
less are relative terms and have been defined as follows: flashless
ammunition does not flash more than 5 percent of the time in weapons
of average life under standard conditions; smokeless ammunition pro-
duces less than half the amount of smoke produced by ammunition
not so designated. A complete round having both these characterstics
is designated "flashless-smokeless."

20. GUNCOTTON. Guncotton, a nitrocellulose of high nitration
(13.35 to 13.4 percent nitrogen) is used in the manufacture of pro-
pellants. It is also used in electric primers and in trically initiated
destructors.

21. EC SMOKELESS POWDER. EC smokele. '' powder, or EC
blank fire, consists of nitrocellulose with inorganic nitrates. It is
usually, orange or pink in color and resembles coarse sand, though it
is soft and light. It is sensitive to friction, shock, or heat. It absorbs
moisture readily and therefore must be protected from the atmosphere.
It burns extremely rapidly in the open, but explodes if confined. It
is usually exploded by flame from a primer or fuze. It was used at
one time as a bursting charge in fragmentation hand grenades. It is
used in caliber .30 and caliber .50 blank cartridges, in shotgun shells,
and in caliber .22 ammunition.

22. SMALL-ARMS PROPELLANTS. Smokeless powder for small
arms is usually glazed with graphite to facilitate machine loading and
to prevent the accumulation of large charges of static electricity, and
thus presents a black, polished appearance. Since the powder grains
are small, they ignite more readily and burn more freely than cannon
powder, and when moisture is present or abnormal temperatures pre-
vail, they are subject to more rapid deterioration than the larger
grains. Many small-arms powders are nearly as sensitive to friction
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as biack powder. Therefore, precautions used in handling black pow-
der should be observed for small-arms powders. In general, there are
two types of small-arms propellents, single-base and double-base. A
recent type of small-arms powder is in the form of small spherical
graphite-coated_balls and is used in carbine and caliber .45 ammuni-
tion.

23. BLACK POWDER.
a. General characteristics. Black powder is an intimate mechan-

ical mixture of finely pulverized potassium nitrate or sodium nitrate,
charcoal, and sulfur. The commercial blasting powder with sodium
nitrate is now used for saluting purposes. Potassium nitrate is used
in the powders for all other military purposes. Black powder is
usually in the form of small, black grains which are polished by
glazing with graphite. It is subject to rapid deterioration on absorp-
tion of moisture, but if kept dry it retains its explosive properties in-
definitely. It is one of the most dangerous explosives to handle be-
cause it is very easily ignited by heat, friction, or spark.

b. Uses. In its several grades, its present military use is prac-
tically confined to:

(1) Ignition and primer charges.
(2) Expelling charges for base-ejection smoke shell, illuminating

shell, and pyrotechnics.
(3) Delay pellets for primers and fuzes.
(4) Blank ammunition charges.
(5) Smoke-puff and spotting charges.
(6) Bursting charges for practice bombs and shell, and sub-

caliber shell.
(7) Time-train rings in time and combination fuzes.
r. Precautions. Black powder is particularly sensitive to shock,

friction, heat, flame, or spark. When black powder is handled in cans
or bags or when it is not absolutely protected against sparks, the pre-
cautions described in section I of chapter 3 will be strictly observed.

Section V

HIGH EXPLOSIVES

24. GENERAL.
a. High explosives are usually nitration products of organic sub-

stances, such as toluene, phenol, pentaerythritol, amines, glycerin, and
starch, but may be nitrogen-containing' inorganic substances or mix-
tures of both. Other materials, afach as powdered aluminum, plasti-
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cizing oils, waxes, rubber, etc, may also be added to explosives to
obtain desired characteristics.

b. A high explosive may be a pure compound or an intimate mix-
ture of several ingredients. To avoid confusion in the writing of
formulas of mixtures, the following order of listing of components,
together with their proportions, has been decided upon: inorganic
nitrates/explosives other than TNT/TNT/metals/inert materials.
Within any of the preceding groups, the co merits are listed alpha-
betically should there be more than one o«l ""•.particular classifica-
tion. -.% {'

25. PRIMER MIXTURES.
a. General. A primer mixture is an explosive sensitive to a blow

such as that imparted by a firing pin. It is used to transmit shock
or a flame to another exposive, a time element, or a detonator.

l>. Composition. In a large number of mixtures, the primer mix-
ture consists of mercury fulminate, potassium chlorate, and antimony
sulfide, with or without ground glass and/or a binder. However, the
chemicals and materials used may be altered, dependent upon the
type of action desired. Primarily, however, a primer mixture consists
of an initiating high explosive, an oxygen carrier, and a combustible
substance.

c. Ufles. Primer mixtures are used in the percussion elements of
cannon primers, in fuzes, and in small-arms primers, and as the upper
layer of a detonator assembly.

26. MERCURY FULMINATE.
a. Characteristics. Mercury fulminate is a heavy crystalline

solid, white when pure, but ordinarily having a faint brownish-yellow
or grayish tint. It is extremely sensitive to heat, friction, spark, flame,
or shock, detonating completely in nearly every instance. Its sensi-
tivity varies with temperature. It has been found that its sensitivity
is .dependent in part on crystal size. It is nonhygroscopic and may
be safely stored for long periods of time at moderate temperatures.
However, it will not stand long-term storage at elevated temperatures.

b. Use. For all practical purposes, mercury fulminate has been
replaced by lead azide. Its use is limited to small quantities in a few
primers, in fuze detonators, and in blasting caps. It may be used
alone or mixed with potassium chlorate.

27. LEAD AZIDE. Lead azide is an initiating compound used to
detonate high explosives. It is a fine-grained, cream-colored com-
pound. It1 is sensitive to flame and impact but it is not certain to
detonate by the action of a firing pin. It is not easily decomposed on
long continued storage at moderately elevated temperatures. It flashes
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at a much higher temperature than mercury fulminate. A smaller
weight of lead azide than of mercury fulminate is required to detonate
an equal amount of TNT, tetryl, etc. Lead azide is replacing mercury
fulminate because of its properties and because it stands up better in
storage and is less hazardous to manufacture. It is found in primer
mixtures and in detonator assemblies in fuzes.

28. TETRYL.
a. Characteristic*. Tetryl (trinitrophenylmethylnitramine) is a

yellow crystalline solid. When heated it first melts and then de-
composes and explodes. It burns readily and is more easily detonated
than TNT or ammonium picrate, being much more sensitive than
picric acid. It is detonated by friction, shock, or spark. It is prac-
tically nonhygroscopic. Tetryl is stable at all temperatures which
may be encountered in storage.

b. Detonation. Brisance tests show tetryl to have a very high
shattering power. It is greater in brisance than picric acid or TNT
and is exceeded only by PETN and some of the newer military ex-
plosives, such as RDX.

r. Use.
(1) CHARGES. Tetryl is the standard booster explosive and is suf-

ficiently insensitive when compressed to be used safely as a booster
explosive. The violence of its detonation insures a high-order detona-
tion of the bursting charge. It is used in the form of pressed pellets.
Tetryl is the standard bursting charge for small-caliber (20-mm and
37-mm) projectiles. It produces appreciably better fragmentation of
these shells than TNT. It is also more readily detonated and yet in
small-caliber shell withstands the force of set-back in the weapon. It
is also a component of tetrytol.

(2) DETONATOR. Tetryl is used in detonators, the tetryl being
pressed into the bottom of the detonator shell and then covered with
a small priming charge of mercury fulminate, lead azide, or other
initiator.

29. TNT (TRINITROTOLUENE).
a. General. Trinitrotoluene, commonly known as TNT, is a con-

stituent of many explosives, such as amatol, pentolite, tetrytol, torpex,
tritonal, picratol, cyclator, ednatol, and Composition B, and has been
used by itself under such names as triton, trotyl, trilite, trinol, and
tritolo.

b. Characteristics. TNT when properly purified is one of the
most stable of high explosives and can be stored over long periods of
time. It is relatively insensitive to blows or friction. Confined TNT,
when detonated, explodes with violence. When ignited by a flame,
unconfined TNT burns slowly without explosion evolving a heavy
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oily smoke; however, bun....g ~. rapid heating of large quantities, es-
pecially in closed vessels, may cause violent detonation. It is readily
detonated by mercury fulminate, tetryl, and similar high explosives.
It is nonhygroscopic and does not form sensitive compounds with
metals, but is readily acted upon by alkalies to form unstable com-
pounds which are very sensitive to heat and inpact. It usually re-
semblies a light brown sugar but when pure is crystalline and is nearly
white. Easily melted and poured into a shell or bomb to form a solid
crystalline explosive charge, TNT is a very satisfactory military ex-
plosive. The melting point of standard Grade 1 TNT : 10.2° C.
Ammunition loaded with TNT can be stored, handled, a, -~:vipped
with comparative safety. ' r'

c. Exudation. When stored in warm climates or during warm
summer months, some ammunition loaded with TNT may exude an
oily brown liquid. This exudate oozes out around the threads at the
nose of the shell and may form a pool on the floor. The exudate is
inflammable and may carry small particles of TNT. Pools of exudate
should be removed as prescribed in paragraph 197.

d. Detonation. TNT in crystalline form can be detonated readily
by a No. 6 blasting cap or when highly compressed by a No. 8 blast-
ing cap. When cast, it is necessary to use a booster charge of pressed
tetryl or an explosive of similar brisance to insure complete detona-
tion.

e. Uae.
(1) BURSTING CHARGE. TNT is used as a bursting charge for

high-explosive shell and bombs either alone or mixed with ammo-
nium nitrate to form 50/50 or 80/20 amatol. Flake TNT is used in
37-mm shell and in fragmentation hand grenades. Other military
uses of TNT are in mines and for parts of certain shell and bomb
bursters.

(2) DEMOLITION. TNT is used to demolish bridges, railroads,
fortifications, and other structures and for land mines. For such pur-
poses TNT is used in the form of a large shaped charge or a small
highly compressed block inclosed in a fiber container which protects
it from crumbling in handling and renders it waterproof. The triton
blocks used by the Corps of Engineers are blocks of pressed TNT
inclosed in cardboard containers.

(3) BLASTING. TNT is suitable for all types of blasting and pro-
duces approximately the same effect as the same weight of dynamite
of 50 to 60 percent grade.

30. AMATOL.
a. General characteristics. Amatol, a mechanical mixture of

ammonium nitrate and TNT, has approximately the same general
characteristics as TNT. It is crystalline, yellow or brownish, and in-
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sensitive to friction, but it may be detonated by severe impact. It is
less sensitive to detonation than TNT but is readily detonated by
mercury fulminate and other high explosives. It is less likely to exude
than TNT. It is hygroscopic and in the presence of moisture at-
tacks copper, brass, and bronze, forming dangerously sensitive com-
pounds. Amatol, 50/50, has approximately the same rate of deton-
ation and brisbance as TNT, while 80/20 amatol is slightly lower in
velocity and brisance than TNT. Amatol, 80/20, produces a white
smoke on detonation, and. amatol, 50/50, produces a smoke less black
than straight TNT.

It. Composition and form. Amatol, 50/50, consists of 50 per-
cent ammonium nitrate and 50 percent TNT by weight. When hot,
it is sufficiently fluid to be poured or cast like TNT. Amatol, 80/20,
consists of 80 percent ammonium nitrate and 20 percent TNT. It
resembles wet brown sugar. When hot, it becomes plastic and in that
state is pressed into shells and bombs.

c. Use. Amatol is a substitute for TNT. Amatol, 50/50, is used
for 3-inch and larger shell, and 80/20 amatol is used for shell of 155-
mm and larger. Amatol is also used in large bombs. Its primary
use, however, is for bangalore torpedoes.

31. PICRIC ACID (TRINITROPHENOL).
a. General. Picric acid, under the name of melinite, was adopted

as a military high explosive by the French in 1886 and has been used
more extensively as a military explosive by foreign nations than by
this country. The British designate it as lyddite.

It. Characteristics. Picric acid is a lemon-yellow crystalline solid.
It is entirely stable but reacts with metals, when moist, forming ex-
tremely sensitive compounds. Picric acid is more readily detonated
by means of a detonator than TNT but has about the same sensitivity
to shock. It is not as toxic as TNT and is also nonhygroscopic al-
though slightly soluble in water. Picric acid has a high melting point
—approximately 120° C.

c. Use. Picric acid is chiefly used for conversion to ammonium
picrate (explosive D) and to form mixtures with other nitro com-
pounds.

32. AMiVIONIlIlVI PICRATE (EXPLOSIVE D).
a. Characteristics. Ammonium picrate is the least sensitive of .

military explosives to shock and friction. This makes it well suited for
use as a^bursting charge in armor-piercing projectiles. It is slightly
inferior in explosive strength to TNT. When heated, it does not melt
but decomposes and explodes. It reacts slowly with metals, and when
wet it may form sensitive and dangerous compounds with iron, copper,
and lead. It is difficult to detonate but burns readily like tar or resin.
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b. Special precautions. \ 'C
(1) Ammonium picrate, which has been pr«.Jsed at a shell-loading

plant and removed from a shell, is very much more sensitive to shock
or blow than fresh ammonium picrate. It should be protected against
shock or fire and should preferably be stored alone in a building.

(2) Although less sensitive than TNT, it can be exploded by
severe shock or friction, is highly inflammable, and may detonate
when heated to a high temperature.

c. Use. Explosive D is used as a bursting charge for armor-
piercing shell, in projectiles for seacoast cannon, and in other types of
projectiles which must withstand severe shock and stresses before
detonating.

33. PICRATOL.
a. General. Picratol is a mixture of 52 percent explosive D and

48 percent TNT. It can be poured like straight TNT and has approx-
imately the same resistance to shock as that of straight explosive D.
The brisance of picratol is between that of exlposive D and TNT.
Picratol is nonhygroscopic.

b. Use. Picratol is a standard filler for all Army semi-armor-
piercing' bombs.

34. NITROSTARCH EXPLOSIVES.
a. Characteristics. Nitrostarch is a white finely divided material

similar in appearance to ordinary powdered starch. It is considerably
more sensitive to friction and impact than TNT, consequently the
crushing or breaking of the explosive is hazardous. Nitrostarch is less
sensitive than dry guncotton or nitroglycerin. It is highly inflam-
mable, can be ignited by the slightest spark such as may result from
friction, and burns with explosive violence.

b. Detonation. Nitrostarch explosives are readily detonated by
a No. 6 blasting cap.

c. Use. A nitrostarch demolition explosive, consisting of '/2-pound
or 1-pound (four '/i-pound) blocks, has been adopted as a substitute
for TNT, TNT formulas for computing small charges are directly
applicable to the nitrostarch demolition explosive. These blocks
must not be broken into fragments, as this may cause detonation.

35. PETN (PENTAERYTHRITE TETRANITRATE).
a. Characteristics. PETN has a velocity of detonation greater

than that of TNT and is more sensitive to shock or friction than TNT
far tetryl. In its pure form, PETN is a white crystalline powder;
however, it may be a light gray due to other ingredients. It will de-
tonate under a long, slow pressure. PETN in bulk must be stored
wet.
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b. Uses. PETN is suspended in TNT to form pentolite, an explo-
sive of high brisance. It is also used as the explosive core of prima-
cord fuze—a detonating cord which is widely used in demolition work.

36. PENTOLITE. Pentolite consists of PETN in a TNT matrix. It
is superior to TNT in explosive strength and is less sensitive than
PETN. Pentolite 50/50 may be melt-loaded. It is, therefore, satis-
factory for use in grenades, rockets, high-explosive-antitank shell, and
in shaped charges.

37. TETRYTOL.
a. Characteristics. Tetrytol is a mixture of 75 percent tetryl and

25 percent TNT. It has higher brisance than TNT and is more
effective in cutting through steel and in demolition work. It is less
sensitive to shock and friction than tetryl and only slightly more sen-
sitive than TNT. Tetrytol is nonhygroscopic and is suitable for un-
derwater demolition since submergence for 24 hours does not appreci-
ably effect its characteristics.

h. Use. Tetrytol is used in chain and individual demolition blocks
and in certain destructors.

38. DYNAMITE.
n. General. Commercial high explosives are more familiarly re-

ferred to as dynamite. There are several types, each type being sub-
divided into a series of grades. Each type and grade differs in one
or more characteristics. Dynamite consists of nitroglycerin absorbed
in a porous material. The porous composition varies, depending on
the type of dynamite. Dynamite is generally available as paraffin-
coated Vi-lb sticks or cartridges and is rated according to the percent
by weight of nitroglycerin content.

b. Characteristics. Dynamite of from 50- to 60-percent nitro-
glycerin content is equivalent on an equal weight basis to TNT in
explosive strength. Dynamite of 40 percent is equivalent to TNT in
the ratio of 1V*-pound dynamite to 1-pound TNT. Straight dynamite
is more sensitive to shock and friction than TNT and is capable of
being detonated by the action of a rifle bullet. The higher percentages
of dynamite have very good water resistance. Explosion of the com-
mon types of dynamite produces poisonous fumes which are dangerous
in confined places.

c. Use. Dynamite is used as a substitute for nitrostarch or TNT
and for training purposes. The following limitations are placed on its
use:

(1) Not to be issued or used for destruction of "duds."
(2) Not to be supplied for training in use of demolition equip-

ment.
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(3) Not to.be used in <~oust Artillery submarine mines or mine
batteries.

(4) Not to be carried in combat vehicles subject to extremes of
temperature.

39. EDNATOL.
u. General cliarnrlerialirs. Ednatol is a mixture of haleite or

explosive H (ethylenedinitramine) and TNT, and is one of the most
powerful explosives. It is less sensitive than tetryl, PETN, or RDX.
Ednatol is equivalent to tetryl in brisance. It can be cast in the same
manner as amatol. It has no tendency to combine with metals in the
absence of moisture and has no toxic effect. In the presence of mois-
ture, haieite hydrolyzes slightly giving an acid reaction, but hydrolysis
of ednatol is not appreciable. Ednatol is very stable and can be stored
for long periods; it is nonhygroscopic.

li. Use. Ednatol may be used for the same purposes as pentolite,
namely, in rockets, grenades, and high-explosive-antitank shell.

40. AMMONAL. The term ammonal refers generally to explosive
mixtures containing TNT, ammonium nitrate, and powered aluminum,
with or without other ingredients such as charcoal. A similar British
explosive is minol 2. As a rule, ammonal explosives are insensitive
and, because of the aluminum content, detonate with resultant higher
temperature, greater blast effect, and brighter flash than other high
explosives. They are used in proving ground tests of high-explosive
artillery shell for better observation.

41. TRITONAL. Tritonal is a generic term for explosives contain-
ing TNT and aluminum, generally in the ratio of 80/20. It produces
a greater blast effect than TNT, or Composition B described below.
It is used in light-case and general-purpose bombs.

42. RDX. RDX is also known as cyclonite (cyclotrimethylenetri-
nitramine), CTMTN, C6, hexogen (German), and T4 (Italian). It
is a white crystalline solid having a melting point of 202° C. It has
about the same power and brisance as PETN. It is more easily
initiated by mercury fulminate than is tetryl. It has a high degree
of stability in storage. RDX is never used alone but in mixtures with
other explosives and/or oils and waxes.

43. TORPEX. Torpex is a gray compound consisting of RDX, TNT,
aluminum powder, and beeswax (or similar wax). It is a more power-
ful but much more sensitive explosive than TNT. Torpex is non-
hygroscopic, noncorrosive, and has a very high brisance. Under water
it is 50 percent more destructive than TNT, whereas in air the differ-
ence is approximately 30 percent. Torpex is used as a bursting charge
in mines, torpedoes, and depth charges.
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44. COMPOSITION A, A-2, AND A-3. Composition A (COMP. A)
is a mixture of RDX and a desensitizer, being semiplastic in nature.
Composition A is a mixture incorporated by rolling, whereas Composi-
tion A-2 denotes the same explosive prepared by kettle-drying an un-
rolled mixture, and Composition A-3 a mixture prepared by tray-dry-
ing an unrolled product. Composition A-3 is granular in form, re-
sembling tetryl in granulation. It is buff in color and is press-loaded
in minor-cali'ofr (20-mm, 37-mm, and 40-mm) shell. It may also be
used for boosters, and can be used in armor-piercing shell due to its
insensitivity and high brisance.

45. COMPOSITION B. Composition B (COMP. B) is a mixture of
RDX, TNT, and beeswax or similar wax. It is a nonplastic material
which is cast-loaded. It is one of the most powerful explosives. It is
less sensitive than tetryl but more sensitive than TNT. Composition
B is an authorized filling for AN (Army-Navy) standard aircraft
bombs, mines, and torpedoes, and may be used in boosters for large
bombs, demolition charges, and larger-caliber projectiles.

46. COMPOSITION C, C-2, AND C-3.
a. General. Composition C, sometimes referred to as P.E., is a

plastic explosive containing RDX and an inert plasticizer. Composi-
tions C-2 and C-3 are similar except that an explosive plasticizer is
used. Composition C-2 indicates a mixture of RDX plus nitrocotton
and an explosive plasticizer containing no tetryl. Composition C-3
consists of RDX plus nitrocotton and plasticizer containing tetryl
substituted in part for RDX.

1). Composition C-2. This explosive is easily moldable at most
temperatures. It withstands water submersion well. It is used in the
21/<-pound demolition block M3.

c. Composition C-3. At temperatures between 0° and 110°F,
Composition C-3 is plastic or pliable, closely resembling putty. Below
-20° F, it becomes hard and brittle. Above 110° F, it becomes soft
and, if kept at this temperature, has a tendency to remain a soft mass.
It is considerably less sensitive than TNT and may not always be
detonated by a No. 8 blasting cap but will always be detonated by
the special Engineer Corps blasting cap. The brownish-yellow plastic,
however, has considerably greater brisance than TNT and is partic-
ularly effective under water. It is used principally as a commando
and demolition explosive, either with or without a container. It is
also used as a filler in some types of munitions. If its plasticity is
lost by long storage at low temperatures, it may be restored to satis-
factory plasticity by molding with the hands after warming by immer-
sion in warm water. It must not be exposed to open flame as it
catches fire easily and burns with an intense flame. If burned in
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large quantities, the heat d may make it explode. Its ex-
plosion produces poisonous gases in such quantities that its use in
closed spaces is dangerous.

47. PTX-1. This explosive consists of RDX, tetryl, and TNT. It
has a pouring temperature of 90 to 95°C and is castable. It is slight-
ly less stable than Composition B and ednatol. In brisance and power
it is equivalent to Composition B and 50/50 pentolite. In general,
PTX-1 has approximately the same explosive characteristics as 65/35
tetrytol. This composition does not exude and is less sensitive to
impact than 65/35 tetrytol.

48. PTX-2. This explosive consists of PETN, RDX, and TNT. It
can be poured at 95° C but may be press-loaded or used as a loose
filler. It is less sensitive to impact than 50/50 pentolite but more so
than Composition B or ednatol. It is more stable than pentolite and
it does not exude. PTX-2 is more brisant and is more readily initiated
to high-order detonation than any of the binary explosives.

Section VI

CHEMICAL AGENTS

49. DEFINITION. A chemical agent is a substance which, by its
ordinary and direct chemical action and in concentrations attainable
in the field, produces a toxic or an irritating (harassing) effect, a
screening smoke, an incendiary action, or any combination of these.
An agent that produces more than one of these effects is classed
according to its principal use.

50. CLASSIFICATION. Chemical agents are classified according
to tactical use, pathological effect, and purpose, as follows:

a. War ga«e«. A gas is an agent which produces either a toxic or
irritating physiological effect. Such an agent may be in solid, liquid,
or gaseous state, either before or after dispersion. Gases may be
persistent (those remaining effective at pont of release for more than
10 minutes) or nonpersistent (those becoming ineffective within 10
minutes). Persistent gases are further divided into moderately per-
sistent (those remaining effective in the open 10 minutes to 12 hours)
and highly persistent (those remaining effective in the open longer
than 12 hours). These gases are classified as:

(1) CASUALTY GASES.
(a) Blister gases (vesicants)
(b) Choking gases (lung irritants)
(c) Blood and nerve poisons (systemic poisons)

_______General__________________

(. . RASSINO GASES (irritants ):
(a) Vomiting gases (sternutators)
(b) Tear gases (lacrimators)
b. Screening smokes.
r. Incendiaries.
<l. Simulated war gases.

51. DESCRIPTION. The type, common name, and symbol of the
principal chemical agents are included in the table in figures 22 and
23. The following table includes the symbols and names of chemical
agents which are not included in figures 22 and 23 and which may
be encountered in the field.

CWS Symbol! and Agtnlt In Addition !• FlgurM o and 7

H .............. Levinstein mustard (30 percent impurities)
HD .......... Purified mustard
HDV ........ Thickened purified mustard
HVV ........ Very viscous solution of methyl methacrylate

in purified mustard, HD
HP ............ Solution of phosphorus in Levinstein mustard
HOP ........ Solution of phosphorus in purified mustard
HN .......... Nitrogen mustard
HL ............ Mustard lewisite
CK ............ Cyanogen chloride
SA ............ Arsine
AC ............ Hydrocyanic acid
CNB ........ Solution of chloracetophenone in benzene and

carbon tetraohloride
CN-DM .... Burning mixture of CN and DM
KJ ........... Stannic chloride
NC ............ Chlorpicrin-stannic chloride
NP ............ Thickened gasoline, with napalm
IM ............ Thickened gasoline
F8 ............ Aluminum-barium nitrate mixture
AS ............ Asbestine suspension
MR .......... Molasses residuum
Other symbols, such as Al, A2, and D2, may also be en-
countered but the chemicals associated with them are highly
classified for security purposes. A brief description of the
principal chemical agents is contained in paragraphs 53
through 58.

52. PAINTING AND MARKING.
a. Painting. Chemical ammunition is identified by the base

color, gray.
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l>. Narking. The pt.. ..<;^.«»r agent used as chemical filler is indi-
cated in the marking on the ammunition by one or two bands and
the type of filler and its symbol, all in a distinctive color in accord-
ance with chapter 1, section II.

53. BLISTER CASES. Blister gases produce casualties resultant
from injuries to the eyes and lungs and skin blisters. The principal
blister gases are mustard gas and lewisite.

a. Mustard gas (H) is a dark-brown liquid which slowly evap-
orates to a colorless gas having the odor of garlic. Purified mustard
(HD) may be practically odorless. Its principal physiological effect
is that of a blister gas (vesicant), although the blistering does not
ordinarily appear for several hours. If inhaled, the vapors have a
choking (lung-irritant) effect. For complete protection against H,
both gas mask and protective clothing are necessary. The tactical
use of H is to neutralize areas, contaminate materiel, cause casualties,
and harass enemy personnel. It is projected by artillery and mortar
in shells and from airplanes in bombs and sprays. It is left in land
mines by retreating troops. It renders food and water unfit for use.

h. Lewisite (L) is a dark-brown liquid evaporating to a colorless
gas which has the odor of geraniums. In addition to being a blister
and choking gas, lewisite is an arsenical poison. Gas mask and pro-
tective clothing are necessary for protection against L. The tactical
use of L and the methods of projection are the same as those for H.
It renders food and water permanently unfit for use.

54. CHOKING CASES. Choking gases injure the respiratory
tract—nose, throat, and lungs. The principal choking casualty gases
are diphosgene, phosgene, chlorine, and chlorpicrin.

a. Diphosgene (DP) has a toxicity about the same as that of
phosgene. It causes watering of the eyes, as well as coughing and
occasional vomfting.

h. Phosgene (CO) appears on projection as a whitish cloud,
changing to a colorless gas. The toxicity is over ten times that of
chlorine. In high concentrations, which are often met in battle, one
or two breaths may be fatal in a few hours. Unlike chlorine, CG
produces but slight irritation of the sensory nerves in the upper air
passages, so the men exposed to this gas are likely to inhale it more
deeply than they would equivalent concentrations of chlorine or other
gases. For this reason, phosgene is very insidious in its action and
men gassed with it often have little or no warning symptoms until
too late to avoid serious poisoning. Its tactical use, action on metals,
food, and water, are the same as for chlorine.

c. Chlorine (Cl) is a greenish-yellow gas with a pungent odor.
Physiologically, it acts as a lung irritant. The service gas mask is
sufficient for protection. It is used tactically as a casualty agent. It
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causes violent coughing immediately and can be fatal on continued
exposure. It is used alone and with other of this group in gas-cloud
attack from cylinders. It has a vigorous corrosive action on wet or
moist metals. Food and water contaminated with chlorine can be
made fit for use under the direction of a medical officer.

cl. Chlorpicrin (PS) is a colorless oily liquid, changing slowly in
the open to a colorless gas. In addition to its lung injurant effects,
PS is also a strong tear gas, and has the additional advantage of being
capable of penetrating gas mask canisters that are resistant to ordi-
nary acid gases such as chlorine and phosgene. The injurious effects
of PS also extend to the stomach and intestines, causing nausea,
vomiting, colic, and diarrhea. Since these conditions are difficult to
combat in the field and often persist for weeks, even slight cases of
PS gassing frequently involve large casualty losses. Tactically, it is
used in heavy concentrations as a casualty agent and in lighter con-
centrations as a harassing agent. PS is used with tear gas in artil-
lery and mortar shells and in airplane bombs and sprays. With
phosgene and chlorine, PS is used from cylinders. It has slight action
on metals. Contaminated food and water may be rendered fit for
use under the direction of a medical officer.

55. BLOOD AND NERVE POISONS. These gases may produce
toxic effects very rapidly. The principal blood and nerve poisons
are hydrocyanic acid and cyanogen chloride.

u. Hydrocyanic acid (AC) forms a colorless gas upon release.
Its odor is similar to that of almonds, but is not always readily de-
tected in the field. Its action is very rapid. Its first action is stimu-
lation of the respiratory system, causing deeper inhalation. Death
by paralysis of the respiratory system may occur in a few minutes.

It. Cyanogen chloride (CK) forms a colorless gas upon release
and has a sharp pungent odor. Its action is very rapid and produces
paralysis of the respiratory system. Unlike AC, it first produces an
involuntary spasm of short duration of the upper respiratory tract.

56. HARASSING GASES. The harassing gases (irritants) are the
tear and vomiting gases. The principal ones aret'

a. Chloracetophenone (CN), commonly known as tear gas, is
typical of the tear gases. It produces profuse weeping and requires
the use of a gas mask for protection. It has no permanently injurious
effect on the eyes. In higher concentrations, it irritates the skin,
producing a burning and itching sensation. CN is used alone in
grenades. It is used in benzene and carbon tetrachloride solution
alone (CNB) and in chloroform solution with chlorpicrin (CNS) in
artillery and mortar shells and from airplanes in bombs and sprays.
CN has slight action on metals. It imparts a disagreeable taste to
food and water.
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I). Brombenzylcyanide (fatfC) is a tear gas which produces a
burning sensation of the mucous membranes and severe irritation and
lacrimation of the eyes with acute pain in the forehead.

c. Adamsite (DM) typifies the vomiting gases. It is a solid
which is dispersed by burning-type munitions such as candles and
grenades, and appears as a yellow smoke with an odor resembling
coal smoke. Physiologically, it causes lacrimation, violent sneezing,
intense headache, nausea, and temporary physical debility. For pro-
tection, the service gas mask, which is equipped with an efficient
smoke filter, is required. Tactically, it is used as a harassing gas.
DM has a slight action on metal and renders food and water per-
manently unfit for use.

il. Diphenylchlorarsine (DA) is a vomiting gas which causes irri-
tation of the throat and lungs. This is followed by a headache, and
pains in the jaws and teeth. These symptoms are accompanied by
chest pains, nausea, and vomiting.

57. SCREENING SMOKES. Smokes are produced by the dis-
persion of particles in the atmosphere through the burning of solids
and the spraying of liquids. They are used to screen movements and
activity, to blanket the enemy, to inactivate observers, to spot artil-
lery fire and bombing, and to disguise cloud gas.

a. Hexachlorethane-zinc mixture (HC) can be used only from
burning-type ammunition, such as grenades, candles, and base-ignition
and base-ejection smoke shell. No protection of materiel is required.
HC is harmful (toxic) to unmasked personnel who are exposed to
heavy concentrations for short periods or to light concentrations for
extended periods of time, but the service mask offers complete pro-
tection. Food and water are not spoiled by HC but acquire a dis-
agreeable odor.

Ii. Sulfur trioxide-chlorsulfonic acid mixture (FS) is a liquid
which produces a dense white smoke when dispersed into a humid
atmosphere. It is projected in shells, by airplane spray and from
portable cylinders. FS liquid is very corrosive, and rubber gloves
should be worn in handling it. No mask is necessary for the smoke,
which is harmless to personnel except in very heavy concentrations.
Liquid FS renders food and water unfit for use; the smoke merely
imparts an unpleasant taste. Because of its corrosive nature, certain
restrictions are in force on the use of FS (AR 750-10).

c. Titanium tetrachloride (FM) is similar to FS in appearance,
properties, and use.

«1. White phosphorus (WP) is a yellow, waxy substance which
ignites spontaneously and produces a dense white smoke. Its'prin-
cipal use is to produce smoke, although it is an incendiary and cas-
ualty agent as well. WP is used only in explosive-type projectiles,
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artillery and mortar shell, grenades, and airplane bombs. When the
projectile explodes, it scatters small pieces of phosphorus which ignite
spontaneously upon contact with air. These particles continue to
burn even when embedded in the flesh. Phosphorus burns should be
kept under water or well packed with moist earth until the particles
are removed. Phosphorus smoke is unpleasant to breathe but harm-
less; the particles, however, will poison food and water.

58. INCENDIARIES. Incendiaries are used to ignite combustible
materials, but may also injure personnel. Various types of incendiary
agents are used. An aluminum-barium nitrate mixture (F8), ther-
mite (TH), or thermate (TH) are used in magnesium or steel con-
tainers.

a. Thermite is a mixture of aluminum and iron and this mixture,
upon ignition, produces molten iron.

It. Thermate, a mixture of thermite with other substances (such
as barium nitrate) which accelerate the burning, is used in incendiary
bombs and grenades.

r. Combustible oils and jelled gasoline are used in bombs and
flame throwers. Incendiary mixture (PT-1) is used in bombs.
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Pars. 59-60 TM 9-1900

CHAPTER 2

CLASSES OF AMMUNITION

Section I

SMALL-ARMS AMMUNITION

59. GENERAL.
a. Ammunition used in weapons whose bore is 0.60 inch or less

(rifles, carbines, pistols, revolvers, and machine guns) and in shotguns
is classed as small-arms ammunition.

It. Many types of cartridges are manufactured to the same pro-
file. Consequently, cartridges of the same caliber although of different
model may be very similar in appearance. Each type, and sometimes
each model, as in the case of some tracer cartridges, has a charac-
teristic colored bullet tip. Cartridges may be identified as to type,
model, and caliber by marking on packing boxes and cartons.

c. The colors used on bullet tips to identify the type of cartridge
are shown in figure 1 and described in paragraph 7 a (3).

60. CARTRIDGES.
a. General. A round of small-arms ammunition is known as a

cartridge. In general, it consists of a bullet, a propelling charge, a
primer, and a cartridge case, all assembled into a unit assembly (figs.
24, 25, and 26).

ii. Dullel. Bullets for service use have a metal core or slug
which is covered with a gilding metal, or gilding-metal-clad steel
jacket. In the case of caliber .45 bullets, copper-plated steel may be
used instead of gilding metal for the jacket. Ball and tracer bullets
have a lead alloy or common steel core or slug, whereas armor-piercing
bullets have a hardened steel alloy core. Bullets have a flat or tapered
base. A bullet having a tapered base is said to be "boat-tailed." A can-
nelure, or annular knurl, is rolled or cut into the jacket to provide a
recess into which the cartridge case is crimped (figs. 27, 28, 29,
and 30).

r. Propelling charge. There are two types of small-arms pro-
pellents generally used, the single-base nitrocellulose type and the
double-base type. The double-base type is a mixture of nitrocellulose
and nitroglycerin which burns more rapidly than the single-base type;
it is used in shotgun shells, some caliber .45 rounds, and carbine am-
munition. The weight of the charge and granulation of the powder
are in accordance with specification requirements for velocity and
pressure. The charge is assembled loosely in the cartridge case.
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A —CAL .30 CARBINE BALL CARTRIDGE, Ml
B —CAL. .45 BALL CARTRIDGE. MI9II
C —CAL. .22 LONG RIFLE BALL CARTRIDGE
0— 12-GAGE SHOTGUN SHELL
E — CAL. .30 BALL CARTRfDGE. M2
t — CAL. .50 BALL CARTRIDGE, M2 RA PO

Figure 25 — Types of Small-arms Ammunition

st

Classes of Ammunition III

A-CAL. .30 CARBINE BALL CARTRIDGE. Ml
B-CAL. .45 BALL CARTRIDGE. MI9II
C-CAL .22 LONG RIFLE BALL CARTRIDGE
0- 12-GAGE SHOTGUN SHELL
S-CAL. .30 BALL CARTRIDGE. M2
F-CAL. .50 BALL CARTRIDGE. M2

It A PD 89561A

Figure 26 — Types of Small-arms Ammunition — Cross Section
77(121 0 - 4 8 - 4 37



Par. 60 TM 9-1900
Ammunition

A —BASE. FILLER-GILDING METAL
B — COMPOSITION. IGNITER
C —COMPOSITION. TRACER
D — CORE-TUNGSTEN CHROME STEEL
I — JACKET-GILDING METAL OR GILDING METAL CLAD STEEL
F_ POINT FILLER-LEAD "T" SHOT
C —SLUG-LEAD WITH ANTIMONY
H —BODY PLUG-LEAD SHOT
I — INCENDIARY COMPOSITION
J —STEEL BODY

CAL. .30 BALL BULLET. M2

BLACK - APPROX. 5/16

CAL. .30 ARMOR-PIERCING BULLET. M2

RED-APPROX. 5/16"-

CAL. .30 TRACER BULLET. Ml

ORANGE - APPROX. 5/16;'

CAL. .30 TRACER BULLET. TIP

BLUE-APPROX. 5/16".

CAL .30 INCENDIARY BULLET. Ml

RA FD 4511C

Figure 27 — Caliber .30 Bullets — Cross Section
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A — COMPOSITION IGNITER G — POINT FILLER-LEAD WITH ANTIMONY
• — COMPOSITION. SUB-IGNITER H — SLUG. LEAD WITH ANTIMONY
C — COMPOSITION. TRACER I — JACKET-GILDING METAL CLAD STEEl
D —CORE-STEEL J — INCENDIARY MIXTURE
I —CORE-TUNGSTEN CHROME STEEL K —STEEL BODY
f — JACKET-GILDING METAL

BLACK-APPROX. 7/16"

CAL. .50 ARMOR-PIERCING BULLET. M2
c rRED-APPROX. 7/16"

.ORANGE - APPROX. 7/16"
CAL. .50 TRACER BULLtT. MJ

ST^v^ / f fJ-s-i-i***-—— ,-MAROON-APPROX. 7/16"
CAL. .50 TRACER BULLET M10 I——L-

CAL. .50 TRACER BULLET. Ml 7 .— RED - APPROX. 7/16"

BLUE-APPROX. 7/16"

BLUE-APPROX. 7/32"

CAL. .50 INCENDIARY BULLtT. M23 RA pD g,J2gA

Figure 28 — Caliber .50 Bullets — Cross Section

5*

CAL. .50 TRACER BULLET. M21

CAL. .50 INCENDIARY BULLET. Ml

LIGHT BLUE - APPROX. 7/32



of Ammunition

d. Primer. The primer consists of a brass or gilding-metal cup
which contains a primer-composition pellet of sensitive explosive, a
paper disk, and a brass anvil. A blow from the firing pin on the primer
cup compresses the primer composition between the cup and the
anvil, and causes the composition to explode. The holes or vents in
the anvil allow the flame to pass through the primer vent in the car-
tridge case and ignite the propellent.

e. Cartridge case. The cartridge case is made of drawn brass
or steel. It serves as a means whereby the other components—primer,
propelling charge, and bullet—are assembled into a unit, the cartridge.
Another of its functions is to expand and seal the chamber against the
escape of gases to the rear when the cartridge is fired. This action is
known as obturation. To make the cartridge waterproof and to keep
the propelling charge dry, the primer is sealed in the primer seat and
the bullet is sealed in the neck of the cartridge case by a thin film of
lacquer or varnish at the time of manufacture. An extractor groove,
turned in the head of the cartridge case, provides a means of removing
the case from the chamber of the weapon.

61. TYPES. Small-arms cartridges are classified according to type
as follows:

Ball
Armor-piercing
Armor-piercing-incendiary
Armor-piercing-incendiary-

tracer
Incendiary
Tracer
Blank

Dummy
High-pressure test
Gallery practice
Guard
Subcaliber
Grenade
Shot
Shotgun shells

62. HALL. This type of cartridge, intended for use against per-
sonnel and light materiel targets, is the oldest service type. It is being
replaced for combat purposes, however, by armor-piercing and other
types. The term "ball," although no longer accurately describing the
shape of the modern bullet, has been continued in use to designate
that type of bullet and ammunition used for the same purposes as
ammunition of very early design, the bullet of which was actually a
ball (figs. 25 to 30). A special high grade of ball ammunition is
manufactured each year for the National Matches of that year. The
following year it may be used in preliminary firing for such matches.
The second year, and thereafter, it is considered as standard service
ammunition. The head of each of these cartridges is stamped "N.M."
and with the year of manufacture.

63. ARMOR-PIERCING. This type of cartridge is intended for
use against armored aircraft and vehicles, concrete shelters, and sim-
ilar built-resisting targets. The bullet has a hardened steel alloy
core. In addition, it may have a base filler and a point filler of a
softer metal, such as gilding metal (figs. 27 and 28).

40
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A-SLUG-LEAD ALLOY
• -JACKET-GILDING METAL
C-JACKET-COPPER-PLATED STEEL
D-IGNITER
£-TRACER COMPOSITION

B O R C

CAL. AS BALL BULLET, MI9I1
,RED-APPROX. 3/16

CAL. .45 TRACER BULLET, T30 RA PD 89330A

Figure 29 — Caliber .45 Bullets — Cross Section

64. ARMOR-PIERC1NG-INCENDIARY. This type of cartridge is
used in caliber .30 and caliber .50 weapons in lieu of using both
armor-piercing and incendiary cartridges.

65. ARMOR-PIERCING-INCENDIARY-TRACER. This type of
cartridge combines the features of armor-piercing, of incendiary, and
of tracer cartridges and is intended to replace these cartridges.

66. INCENDIARY. This type of cartridge is similar to ball or
armor-piercing ammunition in outward appearance. It is used for
incendiary purposes against aircraft. It contains an incendiary com-
position, as a central bullet core, which ignites on impact with the
target (figs. 27 and 28).

1

67. TRACER. This type of cartridge is intended for use with
other types to show the gunner, by its trace, the path of the bullets,
thus assisting in correcting aim. It may also be used for incendiary
purposes. The tracer element consists of a pressed inflammable mate-
rial in the base of the bullet; this composition is ignited by the pro-
pelling charge when the cartridge is fired (figs. 27 through 30). For
identification, the nose of the bullet is painted red, orange, or maroon.

68. BLANK. This type of cartridge (fig. 31) is distinguished by
the absence of a bullet. It is used for simulated fire, training cavalry
mounts, and firing salutes. It is also used in machine guns equipped
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A-SLUG-LEAD
S-MCKET-GILDING METAL

'C-IGNITER
D-TRACER COMPOSITION
E-JACKET-GILDING METAL CLAD STEEL

CAL .30 CARBINE BALL BULLET. Ml

RED-APPROX. 1 8"

CAL. .30 CARBINE TRACER BULLET. MI6
RA PD 89332A

Figure 30 — Carbine Caliber .30 Bullets — Cross Section

with blank-firing attachments in order to operate these weapons for
instructional purposes. EC blank powder is used to produce the
noise.

69. DUMMY. This type of cartridge (fig. 32) is used for practice
in loading weapons, to detect flinching in firing weapons, and to sim-
ulate firing. The cartridge case of older lots of dummy ammunition
is tin-coated. However, the present means of identification of dummy
cartridges is by means of holes drilled through the side of the case
and by the empty primer hole. The cartridges are completely inert
but simulate service rounds in. most details.

70. H1CH-PRES5URE TEST. This type of cartridge (fig. 33) is
manufactured for use in proof firing of small arms. Since the propel*
ling charge of this ammunition develops high pressures, these car-
tridges should never be used for any other purpose. When used for
the purpose intended, all personnel should be protected by adequate
cover. This ammunition is distinguished from other types by the tin
coating of the cartridge case. In some older lots, the word "TEST" is
stamped on the head of the case.

71. GALLERY PRACTICE. The present standard for gallery prac-
tice is the caliber .22 long rifle cartridge (figs. 25 and 26), a rim-fire
cartridge of commercial manufacture. In the past a gallery practice
cartridge, caliber .30 M1919 was used, but any available lots of this
cartridge are reserved for guard purposes.

<a
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CAL. .30 BLANK CARTRIDGE, Ml909

_CAL. .45
BLANK CARTRIDGE, M9

CAL. .50 BLANK CARTRIDGE, Ml (HO)

Figure 31 — Blank Cartridges
RA PD 89334A

72. GUARD. Guard cartridges consisted of a low-velocity charge
and a round-nose lead bullet together with the cartridge case and
primer. The guard cartridge Ml was formerly known as the gallery
practice cartridge M1919 (par. 71). As in the case of the gallery
practice cartridge, the use of the guard cartridge is being discon-
tinued. • ,

73. SUBCALIBER.
n. This type of cartridge (fig. 34) is fired from subcaliber tubes

inserted in larger weapons. The subcaliber cartridge, caliber .30,
M1925 is fired from a "Krag" type of subcaliber tube in 3-inch sea-
coast guns. This cartridge is identified by the extracting rim on the
head of the case instead of the usual groove.

li. Other cartridges, specifically the standard caliber .22, caliber
.30, and caliber .50 ball cartridges, are fired from subcaliber tubes in
field, tank, and antitank weapons.
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Ammunition

3.19- MAX.

KA P0 3I07IA

Figure 34-Caliber .30 Subealiber Cartridge Ml925

AUXILIARY GRENADE CARTRIDGE. M7

1.68-

CAL .30 CARBINE GRENADE CARTRIDGE.

CAL .30 RIFLE GRENADE CARTRIDGE. M3
RA PD 683I8B

Figure 35 — Grenade Cartridges

74. GRENADE. Grenade cartridges (fig. 35) are special blank
cartridges for use in propelling grenades from launchers attached to
rifles or carbines. The rifle grenade and carbine grenade cartridges
are distinguished by a rose-petal crimp at the mouth of the case. The
auxiliary grenade cartridge M7 which contains a propellent but no
primer is sometimes used in conjunction with the rifle or carbine
grenade cartridge to give additional range.
75. SHOT. Shot cartridges of caliber .45 (fig. 36) are for use in
pistols for hunting small game. Instead of a solid bullet, they con-
tain No. 7»/2 chilled shot, which is also used in shotgun shell loadings.
These cartridges are intended primarily for use by air force personnel
as an aid in obtaining food.
76. SHOTGUN SHELLS. Shotgun shells (shot shells) of appropri-
ate loads are procured commercially for use in 12-gage sporting-type
and riot-type shotguns (fig. 37).

Classes of Ammunition

CAL. .45 SHOT CAmiOGE. Ml?

CAL. .« SHOT CAKTHIDCt, MI2

RA PO MSttA

Figure 36 — Caliber .45 Shot Cartridge*

77.. GRADES.
a. Current grades of existing lots of small-arms ammunition are

established by the Chief of Ordnance in accordance with acceptance
and surveillance tests, and are published in WD SB 9-AMM 4.
Grade 3 indicates unserviceable ammunition, which will not be issued
or used.

It. Small-arms ammunition which has been graded "For Training
Use Only" will not be used in demonstrations or on training courses
requiring this ammunition to be fired over the heads of participating
troops.

78. CARE AND PRECAUTIONS IN HANDLING.
a. Small-arms ammunition is comparatively safe to handle. How-

ever, care must be taken to prevent ammunition boxes from becoming
broken or damaged. Broken boxes must be repaired immediately,
and careful attention given to the transfer of ail markings to the new
parts of the box. Metal liners should be air-tested and sealed if
equipment for this work is available.

l». Ammunition boxes will not be opened until the ammunition
is required for use. Ammunition removed from .airtight containers,
particularly in damp climates, may corrode and become unservice-
able.

r. When cartridges are taken from their original packings for
loading into clips or machine gun belts, the clips or belts should be
tagged or marked so as to preserve the ammunition lot number,
thereby preventing the ammunition from falling into grade 3 through
loss of lot number (identity).

d. Ammunition should be carefully protected from mud, sand,
dirt, and water. If it gets wet or dirty, it should be wiped off at once.

t7
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ALL BRASS NO. 00 BUCK 12-CACE SHOTGUN SHELL, MI9

PAPER #00 BUCKSHOT 12-CACE SHOTGUN SHELL

PAPER #7-1/2 CHILLED SHOT 12-GAGE SHOTGUN SHELL

PAPER #8 CHILLED SHOT AND TRACER 12-GACE SHOTGUN SHELL

RA CD 23080A

Figure 37 —Shotgun Shells, 12-goga
M

If \ osion or verdigris forms on cartridges, it should be wiped
off. However, cartridges should not be polished merely to make
them look brighter or better.

e. Ammunition should not be exposed to the direct rays of the
sun for any considerable length of time. This is likely to affect its
firing qualities.

f. The use of oil or grease on cartridges is dangerous and is
prohibited.

g. Cartridges that are dented, have loose bullets, or are otherwise
defective should not be fired.

79. PRECAUTIONS IN FIRING.
•v

a. Because a misfire cannot immediately be distinguished from
a hangfire, it is unsafe to open the bolt of a rifle for at least 10 to 15
seconds after a misfire occurs. When the rifle Ml fails to fire, it
should be recocked by means of the trigger guard and refired before
the bolt is opened. When the rifle M1903 fails to fire, it should be
recocked by drawing back the cocking piece and should be refired
before the bolt is opened. The rifle M1917 cannot be recocked with-
out opening the bolt; in case of misfire, wait a full minute before the
bolt is opened. When the caliber .30 carbine fails to fire, pull the
operating slide to the rear and release the operating rod. If the
operating slide goes fully home, aim and fire. To avoid injury in
case of hangfire, hold the hand so that no part of the palm or wrist
can be struck by the operating slide in its rapid rearward movement.

1). Before firing, be sure that the bore of the weapon is free of any
foreign matter such as cleaning patches, mud, sand, snow, etc. Firing
a weapon with any obstruction in the bore will result in damage to
the weapon and may result in injury to the firer.

c. No small-arms ammunition will be fired until it has been
identified positively by ammunition lot number and grade, as pub-
lished in the latest revision of WD SB 9-AMM 4.

d. For precautions in firing blank ammunition, see TM 9-1990.
e. Any serious malfunction of ammunition must be reported

promptly to the ordnance officer under whose supervision the ma-
terial is maintained and issued. As provided in AR 750-10, the
ordnance officer will report such malfunction to the Chief of Ord-
nance. It is important, therefore, that all evidence be preserved.
This includes the cartridge case, other cartridges from the same box,
the weapon concerned, and all recoverable pieces—in short, every-
thing that might determine the cause of the malfunction.

80. PACKING AND MARKING.
a. Packing. Dependent on its intended use, small-arms am-

munition is packed in link and web belts, clips, or cartons (figs. 38
«f
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Par. 80

Ammunition
TM 9-1900 TM 9-1900

BOX WITH COVER
REMOVED SHOWING

WAXED CONTAINERS

WAXED CONTAINER OPENED
SHOWING CARTONS AND CONTENTS RA PD 6+U6A

Figure 38 — Boxes Containing Carton-packed Ammunition
In Waned Containers

far. 80
Classes of Ammunition

TAPE
RESEALING
CONTAINER

RA PD 23074A

70

Figure 39—Boxes Containing Carton-peeked Ammunition
In Metal Cant

71
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TM Par. 80

CARTON FOR
8-ROUND CLIP

RA PD 97725
Figure 40 — Boxes Containing 8-round Clipped Ammunition In

Bandoleer! in Metal Cans
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CAL. .50 LINKEDCAL. .30 LINKED ________
————————— RA PD I5I93B

Figure 41 — Packing Symbols on Small-arms Ammunition Boxes
771121 O • « - 5 T*
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»A ro ttllOB

Figure 42 - Wire-bound Crate for Four Ammunition Boxes, Cat. .30, Ml

MA PD «Min
figure 43 - Ammunition Box, Co/. .30, MI (Steel)

74

through 43). For example, ammunition intended for use in the rifle
M1 is packed in 8-round clips. For a detailed description of packing,
see ORD 11 SNL's of the T group.

I). Marking.
(1) Small-arms packing boxes may be either stained brown with

marking in yellow, or unstained with marking in black. Markings
for shipment are covered in chapter 3, section IV, and in TM 9-1990.

(2) Instead of the lot number, a repacked lot number may be
stenciled on packing boxes containing web belts and metallic link
belts; the serial number of the repacked lot number is preceded by
the letter "B" for belted ammunition, and "L" for linked cartridges.

(3) To provide a further means of quickly identifying type of
packing, stenciled figure silhouettes are used on boxes and crates
containing clipped, belted, end linked cartridges. These symbols in-
dicate whether the ammunition is packed in rifle clips, web belts, or
linked belts. The silhouettes are vertical for caliber .30 cartridges,
and diagonal for caliber .50 cartridges (fig. 41). The absence of
stenciled figure silhouettes on boxes indicates carton-packed ammuni-
tion (figs. 38 and 39).

(4) The expendable metal ammunition boxes are painted olive-
drab with marking in yellow (fig. 43).

Section II

GRENADES

81. GENERAL DESCRIPTION.
n. Definition. Grenades are small explosive or chemical missiles

intended for use against an enemy at relatively short ranges.
I». Basic types. There are two basic types of grenades—those

intended to be thrown by hand (figs. 11 and 44) and those intended
to be projected from rifles or carbines equipped with suitable grenade
launchers (figs. 12 and 45). By attaching a suitable adapter, some
of the hand grenades may also be fired from rifles and carbines (figs.
46 and 47). Hand grenades provide the soldier with an auxiliary
weapon, similar to a shell or bomb, to supplement his basic weapons.
Rifle grenades are valuable not only for specialized use, such as
against tanks, but also for covering the ranges between the maximum
for hand grenades and the minimum for mortar shell. Special blank
cartridges (fig. 35), packed with the rifle grenades, must be used in
the weapon for projecting these grenades.

c. General types. Both hand and rifle grenades can be classified
into three general types, namely: explosive, chemical, and practice
or training.
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has an igniter instead of a detonator, and has a short delay time of
2 seconds. Grenades of this type have waterproof, adhesive-tape
covered, smoke emission holes in the top, sides, or bottom. These
grenades are described briefly as follows:

(1) CN-DM IRRITANT HAND GRENADE. The products of com-
bustion of the filler in this grenade have a harassing effect. Its
principal use is in the control of civil disturbances. The burning time
is 20 to 60 seconds. The filler is a composition of tear gas, vomit
gas, and smokeless powder.

(2) CN TEAR HAND GRENADE. This grenade is identical with the
CN-DM grenade except that it has a tear gas filler. Principal uses
are in control of civil disturbances, and training in use of the gas
mask.

(3) HC SMOKE GRENADE. This is an Army-Navy standard white
smoke grenade, used for signaling and screening purposes. The con-
tainer is standard except that there are no emission holes in the side.
The burning time is 2 to 2 Vt minutes.

(4) TH INCENDIARY GRENADE. This is an Army-Navy standard
munition for setting fire to enemy materiel. The container is stand-
ard except that there are no emission holes in the side. Clamps of
steel strapping, which fit around the body of the grenade, may be
used to nail the grenade against an object to be burned. The filling
is thermate, which burns at approximately 4,330° F for 30 to 35
seconds.

(5) COLORED SMOKE GRENADE Ml6. This grenade, used for
ground-air and ground-ground signaling purposes is made in the fol-
lowing colors: green, yellow, red, and violet. It is of standard con-
struction and burns for approximately 2 minutes.

(6) COLORED SMOKE GRENADE M18. This grenade, available in
red, green, yellow, and violet, is also used for signaling purposes. The
container has emission holes in the top, and a single hole at the
bottom. A tapered hole extends through the center of the grenade
from the bottom emission hole to the fuze. The starter mixture
lines the tapered cavity. The grenade produces a heavy smoke for
approximately 1 minute.

(7) RED SMOKE GRENADE AN-M3. This grenade is an Army-
Navy air forces official distress signal. It is the standard metal gre-
nade except that the fuze lever is shortened and the body is covered
with a metal jacket to which are attached three metal strips which
may be bent out from the jacket to keep the grenade from sinking
into snow or soft ground. Burning time is 2 to 2V4 minutes.

It. Bursting type. There is only one standard chemical grenade
of this type and it is known as the WP smoke grenade MIS. This
grenade has a drawn-steel cylindrical body similar in size to the
burning-type chemical hand grenades, and is filled with white phos-

71

oI

-8o
O

vt
I

I
.51

r?



Por$. 83-87 TM 9-1900
TM 9-1900 Por. 87

Ammunition
C/asses o/ Ammunition

phorus. The detonating fuze used in this grenade causes it to split
open and project burning particles of phosphortls over a radius of
about 15 yards. This produces a dense white smoke screen and will
cause casualties by burning.

84. PRACTICE AND TRAINING HAND GRENADES. This type
of grenade (fig. 11 and B, fig. 44) is used in training. They may be
inert (training), or loaded with a charge of black powder contained
in a cloth tube (practice). In this case the charge is inserted into
the filling hole, which is closed with a cork.

85. EXPLOSIVE RIFLE GRENADES. Antitank type: A typical
antitank rifle grenade, the M9A1 (fig. 12) consists of a sheet-steel
body, cone, and ogive assembly to which is attached a simple base-
detonating fuze and a stabilizer and fin assembly. The head of the
grenade contains a 4-ounce cast-pentolite, shaped charge for blasting
holes in the target. At the same time detonation of the main charge
'causes fragmentation of the body in a lateral direction. The grenade
is intended primarily for use against armored vehicles. It has been
found to be most effective against enemy personnel when it is fired
at a high angle of elevation (45°).

86. CHEMICAL RIFLE GRENADES.
u. Burning type. These grenades consist of a deep-drawn, thin-

walled steel body with hemispherical ogive and body union assembly
to which is attached a simple base fuze and a stabilizer and fin as-
sembly (B, fig. 30). This type of grenade is available with approxi-
mately 103/« ounce's of HC white smoke or 6Vi ounces of standard
colored smoke fillings. Both HC and colored smoke grenades have
five sealed smoke emission holes in the body union. The colored
smoke grenades also have a smoke emission hole in the ogive. Both
of these types of chemical rifle grenades commence burning upon
impact, due to the action of the base initiating type of fuze. The
HC grenade is intended primarily for screening purposes and the
colored smoke grenades for signaling.

It. Bursting type. This grenade is the counterpart of the WP
smoke hand grenade M15. The WP smoke rifle grenade M19 (A,
fig. 45) has a stabilizer and fin assembly identical to that used in the
antitank grenade M9A1. It contains approximately 8.5 ounces of
white phosphorus and is equipped with a burster actuated by a base-
detonating fuze. The spontaneously combustible WP grenade is scat-
tered upon impact.

87. PRACTICE AND TRAINING RIFLE GRENADE. There is at
present only one standard practice rifle grenade, the Mil A3 (fig. 12).
This grenade is used only in training and simulates the flight and
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STABILIZER
ASSEMBLY

CLIP

SET-BACK BAND

-SAFETY LEVER RAPO 50481

Figure 47 — Chemical Grenade Projection Adapter M2

action of the AT grenade M9A1. Being completely inert, this gre-
nade is painted black. For repeated use, it is issued with additional
replacement fins and ogives.

88. GRENADE PROJECTION ADAPTERS.
u. The grenade projection adapter (fig. 46) assembled to a frag-

mentation hand grenade Mk 2 permits thio hand grenade to be used
as a rifle grenade. After removal of the grenade safety pin before
firing, the safety lever is held in position by the arming clip. Upon
firing the grenade from a launcher-equipped rifle or carbine, the arm-
ing clip frees itself from the arming clip retainer, thereby releasing
the grenade safety lever and initiating the 5-second fuze. Grenade
cartridges are packed in each adapter packing box.

1). The chemical grenade-projection adapter (fig. 47) is intended
for use with the chemical hand grenades. It consists of a stabilizer
tube, which has a base plate and a three-pronged clip on one end and
on the other end, a standard fin similar to that on the grenade M9A1,
and a metal setback band which fits around the grenade, over the
safety lever. Upon firing the grenade from a launcher-equipped rifle
or carbine, the setback band moves to the rear, thereby releasing the
grenade safety lever and initiating the 2-second fuze. Grenade car-
tridges are packed in each adapter cartridge packing box.
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89. CARE AND PRECAUTIONS IN HANDLING.
u. Care. Information concerning the care to be exercised in

handling grenades will be found in chapter 3 of this manual and
pertinent Field Manuals.

It. Precautions, The following additional safety precautions for
handling ammunition will also be observed:

(1) Since fragments may be projected over 200 yards, fragmen-
tation grenades will not be used in training without adequate cover.

(2) The safety pin will be removed just before throwing or
launching and at no other time.

(3) Occasionally, chemical grenades may flash. Hence, when
used in maneuvers, they will be so thrown as to function not less than
30 feet from personnel.

(4) Duds will be disposed of in accordance with the provisions in
chapter 4.

(5) Rifle grenades must never be launched with a cartridge other
than the special grenade cartridges provided lor that purpose.

(6) The fuze furnished with the grenade Mk 2 is noiseless,
smokeless, and sparkless. Under no condition, therefore, will the
thrower consider the grenade a dud because no noise, smoke, or
sparks are observed upon release of the safety lever.

90. IDENTIFICATION. High-explosive grenades are painted olive-
drab with yellow bands around the top of the grenade body. Train-
ing hand grenades (inert) are painted black; practice grenades con-
taining a simulated charge are painted blue. Practice rifle grenades
are painted black with white stenciling. Chemical grenades are
painted blue-gray with identification band and marking in the ap-
propriate color as indicated in chapter 1, section II and in figures 11
and 12. The stabilizer assembly of all rifle grenades is painted
olive-drab.

91. PACKING.
a. Grenades are usually packed as fuzed coVnplete rounds, each

in an individual fiber container.
l>. Fragmentation grenades are packed 15 or 25 containers per

wooden box.
c. The offensive hand grenades are packed 50 per wooden box

(fig. 48), and the training grenades are packed 24 per box.
cl. The standard packing for rifle grenades is 10 containers per

box (fig. 49), with a supply of cartridges for launching from any
appropriate weapon. Jungle packing is waterproofed to withstand
hot humid climates.

e. Grenade-projection adapters are packed 48 per box, with suffi-
cient number of various grenade cartridges and positioning clips.

•5
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Section III

MORTAR AMMUNITION

92. DESCRIPTION.
a. To obtain maximum accuracy and range, projectiles for

smooth-bore mortars are stabilized by means of fins assembled to a
shaft which is secured to the base end of the projectile; when the fins
are omitted, the projectile tends to tumble and be erratic in flight.

It. In general, the ammunition has an adjustable propelling charge,
consisting of a number of propellent increments, usually sealed in indi-
vidual cellophane bags, and an ignition cartridge, to permit firing vari-
ous ranges or zones of fire. The propellent increments are attached to
the fin shaft or within the fin blades; the ignition cartridge is inserted
in base end of the fin shaft.

e. The primer and ignition cartridge are separate elements. The
primer is screwed into the shaft after the ignition cartridge has been
inserted. The assembly of the ignition cartridge and the propellent
increments make up the required propelling charge; or the ignition
cartridges alone may be used for very short range in the 60-mm
mortar and with the light-weight round (M43A1) in the 81-mm
mortar.

(I. Because the complete round (figs. 50 and 51) is loaded into
the mortar as a unit and provision is made for adjusting the propel-
ling charge, ammunition of this type comes within the classification
of semifixed ammunition.

93. CLASSIFICATION.
u. According to the purpo.se for which it is intended, mortar am-

munition is classified as high-explosive, smoke, illuminating, practice,
or training.

It. High-explosive mortar shell are used for fragmentation or
demolition effect, according to the action of the fuze and design of
shell.

r. Smoke shell contain chemical fillers.
(I. Illuminating shell are intended for signaling and illuminating

purposes.
c. Practice shell may have a spotting charge or may be inert.
f. Training projectiles are provided for training and practice.

They are inert and may be fired more than once. Several propelling
charges and fins are supplied for each projectile.

at

Classes of Ammunition

(MARKING IN YtllOW)

HE SHELL, M49A2, W/PD FUZE, M52

I— OLIVE
DRAB

BLUE
(MARKING IN WHITE)

PRACTICE SHELL, M50A2. W PD FUZE, M52

DRAB „——— GRAY (MARKING IN YELLOW) -

WP SMOKE SHELL, M302, W PD FUZE, M82

t
OLIVE*
DRAB .GRAY (MARKING IN SLACK)-

———— 14.28 MAX.—————
ILLUMINATING SHELL, M83AI, W TIME FUZE, M65

•BLACK (MARKING IN WHITE)-
TRAINING SHELL, M69

RA PD 64448B
Figure 50 — 60-mm Mortar Ammunition

W



S'S^s^fsaaifs
^yy-'Vr.K ••: \:'Si&V&

Par. 93 TM 9-1900
Ammunition

TRAINING SHELL. M6»

(*-OLIVE DRAB (MAHKING IN

HE SHELL. M43AI. W/PD FUZE. MS2

-22.89 MAX..
OLIVE DRAB (MAKING IN YfUOW)-

HE SHELL. M56. W/PD FUZE. MS3AI

-OLIVE DRAB (MAHKIHG IN

HE SHELL. M56. W/TSQ FUZE. M77

.GRAY (*M*IONG IN

WP SMOKE SHELL, M57. W/PD FUZE, M52

Figure 51 — 81-mm Mortar Ammunition

•I

RA PD 64449A

TM 9-1900 Par. 93

Classes of Ammunition

BORE-RIDING PIN OF FUZE

' BORE-RIDING PIN SPRING

GAS-CHECK BANDS

PROPELLENT GASES

- FIRING PIN OF MORTAR

RA PD 6SIT9A

Figure 52 - 60-mm Mortar Shell Being Fired
1T112! O - 48 - « If
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94. METHOD OF PROJECTION. The round is dropped into the
mortar tube and upon reaching the bottom of the mortar, the round's
primer impinges upon the firing pin of the mortar. This impact sets
off the ignition cartridge and propelling charge, and the gas produced
forces the round from the mortar (fig. 52). The bourrelet, or gas*
check band, prevents practically all the gas from escaping past the
shell, and provides a bearing surface for the round in its travel
through the bore. A bore-riding pin in the fuze of the shell prevents
the fuze from becoming armed until after it leaves the bore of the
weapon.

95. PRECAUTIONS IN HANDLING.
a. Complete rounds, particularly rounds with fuzes, will be han-

dled with care at all times. Explosive elements in fuzes and primers
are particularly sensitive to shock and high temperature.

b. Do not break the moisture-resistant seal on the fiber container
until ammunition is to be used.

c. The safety wire will be withdrawn from the fuze only just
before firing and at no other time. Be certain the bore-riding pin is
in place in the fuze at the time the shell is dropped in the mortar.

d. When loading muzzle-fed mortars, the round is inserted into
the mortar, cartridge end first. When the shell is released to slide
down the barrel, the hands should be promptly removed from the
muzzle.

e. Duds should not be handled or moved. Because their fuzes
are armed, they should be destroyed in place as described in
chapter 4 of this manual.

96. PACKING AND MARKING.
a. Packing. Except training ammunition, which may be requisi-

tioned by components, mortar ammunition in the smaller calibers is
packed as assembled complete rounds. Each round is packed in an
individual fiber container, and then in suitable outer packing. In the
case of 60-mm and 81-mm mortar ammunition, clover-leaf bundles,
wooden box, or metal containers have been in use. The metal con-
tainer (figs. S3 and 54) is now the standard packing for this ammuni-
tion, but is reserved for shipment to certain theaters.

b. Marking. In addition to the painting which identifies the
ammunition as to type, the following information is stenciled on the
projectiles:

Caliber and type of mortar
in which fired

Kind of filler
Model of shell
Ammunition lot number

n

Section IV

ARTILLERY AMMUNITION

97. GENERAL.
u. Complete round. The term "artillery ammunition" refers to

ammunition, except rockets, mortar ammunition, and shotgun shells,
used in weapons having a bore diameter of more than 0.60 inch. A
complete round of artillery ammunition comprises all of the com-
ponents necessary to fire a weapon once and to cause the projectile
to function at the desired time and place (blank and drill rounds
excepted). These components are, in general, the projectile, the fuze,
the propelling charge, and the primer. Dependent upon both the
type of propelling charge and the method of loading into the weapon,
complete rounds of artillery ammunition are known as fixed, semi-
fixed, or separate-loading (fig. 55).

It. Components of u complete round.
(1) PROJECTILE. The projectile is ejected from a weapon by

the gas pressure developed by the burning propelling charge. Other
terms used in specific nomenclature of certain items in place of
"projectile," are "shell" and "shot."

(2) FUZE. A fuze is a mechanical device assembled to a pro-
jectile to cause it to function at the time and under the circumstances
desired.

(3) PROPELLING CHARGE. The propelling charge consists of a
charge of smokeless powder in a cartridge case, cloth bag, or both.

(4) PRIMER. A primer is used to initiate the ignition of a propel-
ling charge. It consists essentially of a small quantity of sensitive
explosive and a charge of black powder.

«•. Fixed ammunition. Complete rounds in which the propelling
charge is fixed, that is, not adjustable, and which are loaded into a
weapon in one operation, are known as "fixed" ammunition. As
usually designed, the propelling charge is loose in a cartridge case
which is crimped rigidly to the projedtile. The primer is fitted into
the base of the cartridge case. For certain calibers, rounds of fixed
ammunition are termed cartridges.

d. Semifixed ammunition. This type of round is characterized
by the loose fit of the cartridge case over the projectile so that the
propelling charge may be accessible for adjustment for zone firing.
Like fixed ammunition, it is loaded into the weapon in one operation.
In the usual design of this type of ammunition, the propelling charge
is divided into sections, each consisting of propellent powder in a bag.
To adjust the propelling charge, the projectile is lifted from the car-
tridge case, the sections of increments not required are removed, and

93
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A-FUZE
• -BOOSTER
C-FUZE WELL LINER
0-SHEU
I-OGIVE
F-BOURRELET
6-BURSTING CHARGE
H-ROTATING BAND
I-CRIMP
J-BASE COVER
K-CARTRIOGE CASE
t- PROPELLING CHARGE
M -PRIMER
N-LIFTING PLUG
0-GROMMET
f-COTTER PIN WITH PULL RING
B-IGNITER •

Classes of Ammunition

I—D

V—— *

—D

FIXED AMMUNITION SEMIFIXED AMMUNITION
r~M

SEPARATE LOADING AMMUNITION

RA n S067IA

Figure 55 - Types of Complete Round* of Artillery Ammunition
94

the projectile is reassembled to the cartridge case. As in fixed am-
munition, the primer is assembled in the base of the cartridge case.
The 105-mm howitzer HE.AT round is a special type in that the
charge is fixed, that is, not adjustable; the cartridge case and projec-
tile are not crimped together in this instance because of the method
of packing.

e. Separate-loading aiiinuiiiiliuii. Complete rounds in which
the separate components—fuzed projectile, propelling charge, and
primer—are loaded into the weapon separately are known as "sep-
arate-loading" ammunition. Although the propelling charge may be
in one section, it is usually divided into sections with each section
assembled in a bag. In the case of "separated" ammunition (figs. 5
and 56), the propelling charge is contained in a cartridge case, but
the projectile cannot be fitted into the cartridge case and is loaded
into the weapon separately.

98. CLASSIFICATION.
u. Artillery ammunition is classified according to use as service,

practice, blank, or drill. It is classified according to type of filler as
explosive, chemical, or inert.

li. Service ammunition is fired for effect in combat. . It may be
high-explosive, high-explosive-antitank, armor-piercing or armor-
piercing-capped (with or without explosive filler), low-explosive
(shrapnel), chemical (gas or smoke), illuminating, or inert (canister).

i*. Practice ammunition is provided for training in marksmanship.
The projectile used may be inert or may have a spotting charge of
black powder.

»1. Blank ammunition is provided in small and medium calibers
for saluting purposes and simulated fire. It has n'o projectile.

e. Drill or dummy ammunition is provided for practice in loading
and handling ("service of the piece"). It is completely inert.

99. IDENTIFICATION.
a. In common with other types, artillery ammunition is identified

by painting and marking. For the basic color scheme, see chapter 1,
section II. The marking on the projectile (figs. 2, 3, 57, and 58)
includes:

(1) Ammunition Identification Code (AIC) symbol—on sepa-
rate-loading shell.

(2) Caliber and type of weapon in which fired ("75 H," "155 G,"
etc.).

(3) Kind of filler ("TNT," "WP SMOKE," etc.).
(4) Type and model of projectile ("SHELL, M60," "PROJ.

APC-T, M61A1," etc.).
»5
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(5) Weight-zone marking (crosses on 75-mm shell and squares
on larger-caliber shell; squares on separate-loading shell have prick
punches in their centers) or weight in pounds.

(6) Ammunition lot number of filled projectile and in some cases
loader's initials.

*

h. Similar information is marked on other components. Further
information is given in pertinent Technical Manuals and Field
Manuals.

<•. Markings are stenciled on cartridge cases of 75-mm, 76-mm,
and 3-inch ammunition to indicate the type of propelling charge.
These markings are illustrated in figure 4 for 75-mm gun rounds.

•I. An exception to the basic color scheme is the case of 20-mm
ammunition; the high-explosive-incendiary projectile has a red body
and yellow ogive. Some target-practice projectiles of larger caliber
are painted black; when replacement 6r repainting is required, they
will be painted blue in accordance with basic color scheme.

100. PROJECTILES.
ti. (General. With a few exceptions, artillery projectiles are of

the same general shape, that is, they have a cylindrical body, solid
or hollow, and an ogival head. (Canister and base-ignition smoke
shell have blunt heads.) The projectiles vary in length from 2 to
6 calibers. The principal characteristic differences are:

(1) Location of fuzes—point or base.
(2) Radius of ogive—smaller for low-velocity, larger for high-

velocity projectiles.
(3) Rotating band—narrow for low-velocity, wide for high-

velocity projectiles.
(4) Base—tapered ("boat-tailed") or cylindrical ("square"),

base.
(5) Armor-piercing cap—used only with armor-piercing projec-

tiles.
(6) Windshield (ballistic cap or false ogive)—when required for

improved ballistics.
(7) Filler—high explosive, gas, smoke, illuminant candle and

parachute assembly, or others.
b. Components.

• (1) OGIVE AND WINDSHIELD. The curved portion of the projec-
tile from the bourrelet to the point is called the ogive. The radius
of the ogive is sometimes expressed in calibers, the caliber being the
diameter of the bore of the gun. The radius of the ogive influences
the flight of the projectile and in present designs generally varies
from 6 to 11 calibers. Since armor-piercing projectiles have a short

w
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A —WEIGHT ZONE MARKING
• -WEIGHT TO NEAREST LB
C —CALIBER AND TYPE OF WEAPON
O —KINO OF FILLER
I —LOT NUMBER OF LOADED SHELL
' —A.I.C. SYMBOL
C —TYPE AND MODEL OF SHELL

RA PD C5199B

Figure 57 - Marking of Separate-loading Shell - As Shipped

n

A —ONE YELLOW BAND INDICATES
SMOKE

• — TWO GREEN BANDS INDICATE
PERSISTENT GAS

WEIGHT ZONE MARKING

KIND OF FILLER

CALIBER AND
TYPE OF CANNON

LOT NUMBER _

MODEL OF SHELL

A.I.C. SYMBOL

RA PD 65200A

Figure 58 — Marking of Separate-loading Shell— As Shipped (Continued)
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TNT HIGH-EXPLOSIVE SHELL

BASE FUZE /H.E. FILLER /CONE OGIVE AND
UNION ASSEMBLY

OGIVE

HIGH-EXPLOSIVE-ANTITANK SHELL

BURSTER CASING l BURSTER CHARGE v .SLEEVE
ADAPTER

•^3£»- '

BURSTER TYPE CHEMICAL SHELL

*s"

BLACK POWDER EXPELLING CHARGE
BASE-EJECTION SMOKE SHELL

SPACING DISC

PELLET CHARGE \MOKE MIXTURE
BASE IGNITION SMOKE SHELL RA PD 97762

Figure 59 - Typical High-explosive. High-ffxp/os/ve-anfifank, and
Chemical Pro/ecf/fej

Classes of Ammunition
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radius of ogive for purposes of penetration, a windshield, often called
a ballistic cap .or false ogive, is placed over the armor-piercing head
to improve the ballistic Qualities.

(2) BOURRELET. The bourrelet is the accurately machined sur-
face, of slightly larger diameter than the body, which bears on the
lands of the bore of the weapon. It centers the projectile in its travel
through the bore. Generally, it is at the forward end of the body,
but it may extend from the ogive to the boat-tailed base. Some
projectiles of large caliber have a front and rear bourrelet.

(3) BODY. While applicable to the entire projectile, the term
"body" is used to designate the cylindrical portion of the projectile
between the bourrelet and the rotating band. It is machined to a
smaller diameter than the bourrelet to reduce the surface in contact
with the lands of the bore. Only the bourrelet and rotating band
bear on the lands.

(4) ROTATING BAND. The rotating band is a cylindrical ring of
copper or gilding metal, pressed into a knurled or roughened groove
near the base of the projectile. It affords a snug seat for the projec-
tile in the forcing cone of the weapon and centers the base in the
bore. As the projectile moves forward, the soft rotating band is
engraved by the lands of the bore. Because of compression of the
band, excessive metal Hows toward the rear. This How of metal is
taken up by grooves cut in the rotating band. Since the rifling of
the weapon is helical, the engraving of the band imparts rotation to
the moving projectile. The rotating band also prevents the escape
of the propellent gases forward of the projectile by completely filling
the grooves of the rifling.

(5) TYPE OF BASE. When the surface to the rear of the rotating
band is tapered or conical, it is known as "boat-tailed"; when cylin-
drical, the projectile is described as having a ''square base."

(6) BASE PLUG. To facilitate manufacture, armor-piercing pro-
jectiles are closed at the base with a heavy steel plug. In the larger
calibers, the base plug adapter also provides a seat for the base plug
and fuze. In the smaller calibers, if an explosive charge is loaded in
the cavity of the projectile, the base plug is replaced by a base fuze.
If no explosive is present in the smaller caliber projectile, the base
plug contains the tracer element.

(7) BASE COVER. The 20-mm projectiles and projectiles of
75-mm or larger caliber containing high explosive, are provided with
a base cover to prevent the hot gases of the propelling charge from
coming into contact with the explosive filler of the projectile through
joints or possible flaws in the metal of the base. The base cover
consists of a thin metal disc which may be calked, crimped, or welded
to the base of the shell. Small-caliber and medium-caliber armor-
piercing projectiles with high-explosive filler and base fuzes are not
ordinarily provided with base covers.

101



• REPRODUCED AT THE NATIONAL ARCHIVES

9

8o.

3
•O
D
O>

"5

e

•o
I

o

fiiiliiiU§32 w - Z «*u o u 0 ~~

I
I
o

Q.

o>



Par. 100 TM 9-1900
C.. ^e~ _,f Ammunition

PIN 'SCREW
•BELLEVILLE SPRING

STLE NUT
COTTER PIN

FUZE. DUMY. M59
SHOE

SCREW

A-TYPICAL DRILL CARJRIOGE

PLUNGER

-TYMCAL SEMIFIXED DRILL CARTRIDGE

REAR BAND
JTER OF GRAVITY BAND-RED

FRONT BAND
/BRONZE CAP

SPRING
EXTRACTOR RECESS

————— 22.51 MAX.-

C -TYPICAL SEPARATE LOADING DUMMY PROJECTILE

'••"• JT" "'*:'"'•••. .. ' . ' ..l._._
^K • — P ̂ ^l^mfr~VM' CHAPieii Mil

p.TVHCAL SEPARATE-LOADING DUMMY PROPELLING CHARGE

RA PD S93I1A

Figure 62 — Drill and Dummy Ammunition
104
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(8) TRACER. For observation of fire, some projectiles are
equipped with a tracer element in the base of the projectile. In most
smaller-caliber antiaircraft shell, the tracer is used to ignite the filler
and destroy the shell should it miss the target. Such a tracer is called
"shell-destroying (SD)."

«•. Types of projectiles.
(1) HIGH-EXPLOSIVE (HE) SHELL. This projectile (fig. 59),

made of common forged steel, has comparatively thin walls and a
large bursting charge of high explosive. It is used against personnel
and material targets, producing blast and/or mining effect and frag-
mentation at the target. It may be fitted with either a time or impact
fuze, on a concrete-piercing fuze, according to type of action desired.

(2) HIGH-EXPLOSIVE-ANTITANK (HE.AT) SHELL. This is a spe-
cial type of shell (fig. 59) containing a high-explosive charge for use
against armor plate. Its effect is dependent upon the type and
shape of the charge. It has a conical windshield which provides
stand-off for the charge, and a base-detonating fuze having nondelay
action.

(3) CHEMICAL SHELL. There are three general types of chemi-
cal shell (fig. 59): burster, base-ejection (BE), and base-ignition
(BI).

(a) Burster, The burster type is similar to high-explosive shell,
except for the type of filler and the absence of a base cover. An
explosive charge, termed a burster, and located centrally in the shell,
is used to break the shell body and aid in dispersion of the chemical
filler.

(b) Base-ejection (BE). Base-ejection shell which are set to
function in flight do not have a burster, but have an expelling charge
of black powder, adjacent to the time fuze. This expelling charge,
when ignited by the fuze, ignites the smoke mixture of the canisters,
strips the threads of the base plug, and forces the canisters from the
base of the shell.

(c) Base-ignition (BI). Base-ignition (base-emission) smoke
shell have no burster or expelling, charge. The smoke mixture is
ignited by the propelling charge through a hole in the base of the
projectile. Shell of early manufacture have a low-melting-point
fusible metal plug in the base hole, while shell of later manufacture
have delay pellets of black powder. The action of the delay pellet
prevents disclosure of the gun position by the smoke.

(4) ILLUMINATING SHELL. These shell (fig. 60) contain a para-
chute and an illuminant assembly which are ejected by an expelling
charge adjacent to the time fuze in a manner similar to base-ejection
smoke shell. The illuminant suspended by the parachute burns,
lighting up a target area.
77(121 O - 41 - 7 105
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(5) ARMOR-PIERCING PROJECTILE (AP OR APC).
(a) Armor-piercing projectiles (fig. 61) are made of heat-treated

high-carbon alloy steel. The head is very hard for penetration of
armor and the body is tough to withstand the strains imposed by
impact and the twisting action of the projectile at angles of impact
oblique to normal. A windshield is generally secured to the armor-
piercing cap or the head of the projectile to give improved ballistics.
A tracer may be present in the base plug or in the base end of the
fuze.

(b) Armor-piercing projectiles having no high-explosive filler
may be solid or may have a small cavity in the body. When the
cavity is filled with explosive D, the projectiles are fitted with a base-
detonating fuze having a delay action.

(c) The term "armor-piercing-capped" (APC) refers to a shot or
a projectile with an armor-piercing cap for use especially in penetrat-
ing face-hardened armor plate. The cap is of forged alloy steel, heat-
treated to have a hard face and a relatively soft core. On impact,
the hardened face of the cap destroys the hardened surface of the
armor-plate, while the softer core of the cap protects the hardened
point of the projectile by distributing the impact stresses over a large
area of the head.

(6) HIGH-VELOCITY ARMOR-PIERCING SHOT (HVAP). This shot
(fig. 61) is a high-velocity, light-weight projectile having a very hard
armor-piercing core of tungsten carbide. The tungsten carbide core,
a steel base containing a tracer element, an aluminum body and nose
plug, and an aluminum windshield comprise the HVAP-T shot.

(7) CANISTER. Canister (fig. 61) consisting of a light metal
case, filled with steel balls in a matrix, contains no explosives. It is
fired point-blank for effect against personnel. The case breaks upon
leaving the muzzle of the cannon, and the balls scatter in the manner
of a shotgun shell.

(8) SHRAPNEL. Shrapnel are point-fuzed projectiles with a com-
bination time and superquick fuze or a time fuze. An expelling
charge of black powder is assembled in the base. A central flash tube
connects the fuze and base charge. When the time fuze has burned
its predetermined time, the magazine charge flashes through the cen-
tral tube to ignite the base charge. This results in the ejection of the
steel diaphragm, balls, head, and fuze from the case. The case is not
ruptured. The balls are projected forward in the form of a cone,
due to rotational velocity.

(9) TARGET PRACTICE.
(a) Cast-iron shot and sand-loaded shell of the same size, shape,

and weight as the service shell it simulates are provided for target
practice. Some models may have a small quantity of black powder

10*

to serve as a spotting charge.
(b) Subcaliber ammunition consists of complete rounds of small

caliber or small-arms cartridges used in practice firing of larger-
caliber weapons. The subcaliber ammunition is fired from weapons
fitted either on top of or in the bore of the larger weapon. The use
of subcaliber guns and ammunition provides low-cost ammunition
for training gun crews, avoids wear of the major weapon during
practice, and permits firing where range limitations exist

(10) DRILL OR DUMMY. Inert projectiles and complete rounds
(fig. 62) for training are known as drill or dummy ammunition. They
are used for training and practice in handling shell and in "service of
the piece."

101. FUZES.
H. (ienerul. An artillery fuze (figs. 63 through 66) is a mechan-

ical device used with a projectile to cause it to function at the time
and under the circumstances desired.

11. 4,'luMgifiralion.
(1) Fuzes are classified according to position on the projectile

as "point" or "base." They are further classified as "time" or "impact,"
or a combination of both. Time fuzes contain either a clockwork
mechanism or a graduated time element in the form of a compressed
black-powder train which may be set to a predetermined time prior
to firing. Impact fuzes function on impact with the target. If the
fuze is designed to function on impact with a very light materiel
target, such as an airplane wing, it is called "supersensitive." Impact
fuzes are further classified as superquick, nondelay, or delay. Delay
on impact fuzes is usually 0.05, 0.15, or 0.025 seconds. These terms
are used in reference to the action at the instant of impact, whereas
"time" refers to length of time from the instant of the firing of the
weapon to the instant of the functioning of the fuze.

(2) Selective-type fuzes have time action or more than one
type of action, for example, superquick and delay, time and super-
quick (TSQ). Such fuzes can be adjusted in the field for the type
of action desired. Time fuzes can be set to function at any desired
time of flight after firing by turning a time ring.

e. Safely features.
(1) Artillery fuzes contain safety devices which tend to prevent

functioning until after the fuze has been subjected to centrifugal
and set-back forces, after the round to which it is assembled is fired.

(2) Certain fuzes are considered to be "boresafe." A boresafe
(detonator-safe) fuze is one in which the explosive train is so inter-
rupted that prior to firing and while the projectile is still in the
bore of the gun, premature explosion of the shell is prevented should
any of the more sensitive elements, primer and/or detonator,
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.<-. Light-case. The light-case (LC) bomb (fig. 84) is similar in
appearance to the general-purpose bomb but has a thinner, lighter

j case and contains a higher percentage of explosive filler by weight.
{ Since strength of case has been sacrificed, this bomb cannot be used
-i for penetration and must be fuzed to explode before the case breaks
|. up on impact.- Approximately 75 percent of the total weight is
* high-explosive filler.

it. Ariniir.|tiercinj!. The armor-piercing (AP) bomb (fig. 85)
. is used to pierce deck armor of battleships, heavy concrete structures,
. and similar highly resistant targets. The nose of the AP bomb is

solid and sometimes is fitted with an armor-piercing cap (APC)
(fig. 85). These bombs are effective against heavy deck armor when
dropped from sufficient altitude to attain their rated velocity. They'
contain .1 relatively small percentage (8 to 18 percent) of explosive
filler and use tail fuzes of the delay type.

e. Sciiii-«riiior-|)icri-ing. The semi-armor-piercing (SAP) bomb
(fig. 85) is conventional in outline, resembling the cylindrical GP
bomb. However, the SAP bomb has a heavy case of steel which
is drawn into a thickened nose and contains approximately 30 percent
by weight of explosive filler. It may be used against concrete pill
boxes or other targets of moderately high resistance.

f. D«|ilh. The depth bomb (fig. 84) is a special light-case bomb
for use against submarines and surface craft. It averages 70 percent
by weight of explosive. When detonated by a hydrostatic fuze, the
effect of this bomb does not depend upon hitting the target directly
but upon the shock of detonation of the explosive being transmitted
through the water. The hydrostatic fuze functions at a predetermined
depth rather than on impact. If it is desired to use these bombs
for demolition effect only, they may be equipped with nose fuzes
which function on impact. Fuzes may be of the nose or tail type
or installed in a cavity running transversely through the bomb body.

f . KriigiiK-ntiilictii Ixunlii.

(1) Fragmentation bombs are for use against personnel and
light materiel targets. The effect is produced primarily by the
fragments of the bomb body projected at high velocity. The blast
at the point of impact will cause additional damage to nearby objects.
Some fragmentation bombs have stabilizing fins, others, for low-
altitude bombing, have parachutes for retarding rate of fall (fig. 86).
The design of the bomb body is such as to produce the greatest
number of effective fragments. The body walls are of uniform
thickness and may be made up of coiled helix springs. Any frag-
ment having 60 foot-pounds of energy will disable personnel. Most
types of fragmentation bomb; are fitted with a now fuze only. Ths
weight of the high explosive in these bombs is about IS percent

. by weight. Since the fragments are projected at approximately
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figure 88- 4-pound Fragmtnlalion Bomb M83 (Butterfly BombJ
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f igure 89 - Wofers in Plate in Clyster Adapter ' ;:

right angles to the axis of the'bomb, the most •.uniform distribution "•'•££
and greatest destructive effects occur when the bomb, is vertical at -r-.^
the instant of functioning. -: .-' - : \;

(2) Fragmentation bombs stabilized by parachutes 6r fins ar.e , .;V;
fitted with impact-type instantaneous-action fuzes. The bomb ex-;
plodes instantaneously on impact, projecting. a large nurrfber of
fragments at high velocity. . . . . • ' . • ' ~: -•[.-'• •': '.'

(3) Small; fragmentation bombs are assembled jn clusters .(fig^.v •,•;
87) for more efficient use and lor .ease in -handling and dropping.;:.; .̂;

.Cluster adapters support the individual :b0nlbS and,':in turn, .are,.y;;^Y:

installed in stations for large-size bombs: The cluster, is droppW ^
from the airplane as a unit. The arming wire acts.t6 release the!,vi
bombs from the cluster, either by mechanical means directly, by;
arming a mechanical time fuze which opens a cluster after an interval, ;V
or by firing a cartridge which causes-the cluster to open. :,• Cluster ' : ; ,
adapters have been designed for almost every type bf fragmentation
bomb, including the butterfly bomb. '; • :. '••

(4) The butterfly bomb (fig. 88) is equipped with a case assem-
bly (butterfly wings) which is folded around it. When the cluster ;
is opened, by action of a time fuze, the wings Unfold by spring action ;'
and l«gin to rotate, retording the fall of the bomb and arming its. .,
fuze mechanically. The cluster for the butterfly bomb in wafers y
is shown in figure 89. • . • ' ; ' . • :': ."j .

(5) Aircraft mines and depth charges are similar to aircri
bombs nnd contain high explosive fillers (figs: 90, 91, and 92). /

113. CHEMICAL BOMBS. Chemical bombs (fig. 93) ^..^... .,„...;.,-?.;-,
chemical agents which produce a toxic or an irritating physiological .%;.>;r.!;r.^
effect, or a screening smoke. They are known as gas or smoke,;;;;..^(p;

' . ' . . - ' ' • . • . . ' • . ; ' : - . ' • ' . - . - ' • ! '.•••••:•• .'.ViVv-;£'£fi'<.
• • "141- 'r '' ' ' • ~ ••'-• +'—*'"''•i'lf'? -i-'̂ i^^-y-'ii,-}'t;/£a
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Figure 94 — 4-1 b limndiary Bomb AN-M5QXA3
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Figure 99 - Nose Fuie - Vo»« Arming Type ;

depending upon the principal effect. The fdrce necessary to open
the bomb body anri properly disperse the chemical agent is provided
by an explosive element called a burster, which extends the length
of the bomb cavity. lh general, the body serves only as a container
for the chemical agent. Small chemical and incendiary bombs are
hexagonal in shape to allow better packing in clusters (figs. 94 and
95). fuze action is superquick (instantaneous) to pr»vc.nt ..the• ...
waste.of any of the charge by its being carried underground.••'•.." '-

114. INCENDIARY BOMBS. Incendiary bombs contain jelled
gasolene, oil, phosphorus, thermate, or magnesium fillers. Small

-W^-: :;-'-w::.'^:^;;:,?«ti^*
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incendiary bombs (fig. 94) nr«: hexagonal in shtipe and may have a
st??l case for on incendiary filler or & heavy mngnesium alloy case
containing .in igniting charge; t!io case itself acts, aj the msin
charge. Small incendiary bombs are arranged in a cluster (fig. 95)
which falls from tlio plane. as a unit and then comes apart, allow-.
ing the bombs to arm and f:.ll separately for coverage of an are«
target.

113. P Y K O T K C H M C AN!) TAHCKT-IDEPiTlKICATlON
BOMKS.

a. PhototlasJi bombs contain pyrotechnic material, but because
of their explosive nature are called bombs (chap. 2, sec. VI.)

1». Certain skymarker, pathfinder, aircraft flares, and target-
iti^ntification bombs produce a pyrotechnic effect but resemble
bombs in appearance and use. The 100-pound red smoke target -
ioeii:ificaiion bor.ib M84A1 fulls from the aircraft for a length
oi time set on the bomb mechanical time t'uzc snd then bursts in
the air, producing a large cloud of red smoke. This cloud hangs
in the air for t considerable period of time. The 250-pound lorget-
identincation bombs M39, M?0. and M9S (figs. 96 and 97) illum-
inate and mark targets by the simultaneous ignition und tail ejection
01 their pyrotechnic candles at a height above ground determined
by the selected setting on the mechanical time fuze. These candles
(all to the ground and continue to burn for their prescribed time.
Candles may be of the nondelay or exploding type.

116. PRACTICE BOMBS. Practice bombs (fig. 85) are provided
for training in marksmanship. They may be sand-loaded at point
ci use and may contain a low-explosive spotting charge; for some .
uses, such as against water targets, the spotting charge may be
omitted. These bombs simulate corresponding service bombs of the
fragmentation and demolition types.

117. DK1LL BOMBS. Completely inert bombs and components
are provided for training of ground crews in assembling and handling
operations. They are the same size and shape ns standard bombs.
Drill bombs are made up from the metal part] of service bombs,
inert-loaded when necessary.

118. FUZES.
a. (JeiHTiil. • .
(1) A fuze is a mechanical device ' designed to initiate a trairi

of fire or a detonation under the circumstances desired. Fuzes are
classified according to position as nose, tail, and transverse, and accord-
ing to type of functioning as time, impact, and pressure. Time fuzes
function f. predetermined number of seconds sifter release. . Impact

mill o- 11- w
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fuz.vs function when the bomb strikes a resistant material. Pressure
fuzes fisn-riian in response to water pressure (hydrostatic) or nir
pressure (concussion). Impact fuzes are clarified s*s delay when
they have a infinite time lag between impact and explosion of the
bomb. ;md as v.iperquick (nose) or nondulay (tail) when tlisrc is
no delay. Delay in fuzes varicr, from a fraction of a second to many
hours and may be provided by a clockwork mechanism or a chemical
reaction. Some delay fuzes are equipped with en antihandling
device to function on an attempt to defute the bomb.

(2) . Bomb fuzes are shipped in a "safe" condition. They nrc
consuucted so that they cannot function when they aro "safe" (un-
atm»d). Most fuzes ar; designed so that nn arming wire may be
passed through parts of the fuze, mechanically restraining the firing
pin or k-^riitw. elements oi the fuze mechanism out of position until
they aro moved into functioning position, generally by the rotation
of the arming vane. Th-j arming vanes or similar arming mechanisms
are held in place by 3 safety cotter pin which is replaced by the
ai;;iir?, "-in: upon loading of the bomb into an aircraft. Dropping
the bomt> causes the arming wire to be withdrawn, which permits
the iuze :o nr.-n. Arming-in-type fuzes may arm immediately on
••vitlu'rav i| of the arming wire or may have an arming delay element,
limed by a clockwork mechanism or a powder train, which delays
arming until a fixed time has elapsed. In arming-vane-type fuzes,
the vane is rotated by the air stream as the bomb falls, a fixed
number of turns being required to arm the fuze.. '

(3) Bomb fuzes are generally shipped separate from other bomb
components. In most cases in the assembly of fuzes to bombs, tools
are not used. •' . ' . -

1>. NIISC fuzi-s. Nose fuzes, in general, are held unarmed by the
presence of safety block: between the striker and the fuze body,
thus preventing the firing pin from being driven into the primer.
Most nose fuzes have a primer, delay element, detonator, and booster
assembled in the fuze body. The working parts of the fuze—except
the arming mechanism and striker head—are protected by the bom.b
case, thus avoiding the possibility of the fuze being crushed oh
impact before it can function (figs. 98, 99, and 100).

c. Tuil fuze*. Tail fuzes, in general, arc held unarmed by an
arming stem screwed into the inertia-type firing pin. In these fuzes,
the booster is not assembled to the fuze but to the adapter-booster
which is assembled to the bomb (fig. 101). For some fuzes, the
primer-detonator assembled thereto maybe changed in the fifW for
other primer-detonators of other delay actions.

d. Ilyilrnstiilic and rotiimaalon (nits. .Hydrostatic fuzes (fig's.'
102 and 103) act under the influence :of water pressure to explode
the bomb a predetermined depth below the surface of tlu> water.
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figure 702- Hydroitetit Bomb fuxai AN-Mk 229 and AN-Mk 220
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Concussion fuzes act in response to the concussion wave from the
explosion of the preceding bomb in a salvo. Both of these fuzes
function on the principle of a bellows or diaphragm working against
a spring of fixed strength. When the external pressure overcomes
the resistance of the spring, the firing pin is released and driven
against the primer by spring action. In some fuzes, provision is made
for adjustment by a mechanism controlling the compression of the
diaphragm spring.

119. PACKING AND MARKING.
a. Packing. In general, bombs are shipped unfuzed with the fuze

holes closed by metal shipping plugs. These plugs are not to be
removed except for inspection and for assembly of the complete
round. Large bombs are shipped with two paper or metal shipping
bands which protect the suspension lugs. The fin assemblies of such
bombs are shipped separately in metal crates. Smaller bombs are
shipped finned, in metal crates. Small chemical and fragmentation
bombs are packed in wooden boxes. Fuzes are packed in individual
sealed containers and wooden boxes (figs. 104 and 105).

l». Marking.
(1) Wherever appropriate, the color scheme used for painting

the bombs (chap. 1, sec. II) is used on the packing boxes or crates.
All information for identification and directions for shipping are
marked on containers for bombs and components, and on the bomb
bodies when no container is used.

(2) A list of all separate components required for the complete
round is sometimes stenciled on the shipping container in which
these components are ordinarily packed. Usually, however, these
components are stored separately and the word "WITHOUT" is
stenciled above the list of components on the shipping container. If
the separate components are packed with their respective bomb or
fin assembly for shipment, the word "WITHOUT" is obliterated.

Section VI •

PYROTECHNICS

120. GENERAL. Military pyrotechnics (fig. 106) are fireworks
which produce a brilliant light for illumination, or smokes and lights
for signaling, in military operations.

121. CLASSIFICATION.
a. According to use, pyrotechnics are classified as':
(1) AIRCRAFT TYPES.

aircraft.
Originally designed for use from or by
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(2) GROUND TYPES. For use on the ground.
I). According to purpose they are classified as:
(1) ILLUMINANTS. Flares for illumination for a specific length

of time, and photoflash bombs for an instantaneous flash for night
photography.

(2) SIGNALS. Lights or smokes of various, colors for transmis-
sion of messages.

c. Any of the above types when provided with a parachute is
designated as a parachute type.

122. PYROTECHNIC COMPOSITIONS.
a. Pyrotechnic compositions are a mixture of chemicals which

produce illumination.
I). Pyrotechnics generally function by means of an igniter train

similar to the explosive train. In general, it is initiated by a primer
mixture and intensified by a "first fire compound" which properly
ignites the luminous candle.

c. Standard pyrotechnic compositions, in general, consist of com-
pounds to provide oxygen for burning, such as perchlorates and
nitrates; powdered aluminum or magnesium for fuel; salts of sodium,
barium, copper, or strontium for color; and materials such as asphalt
and paraffin for binding and waterproofing..

123. VISIBILITY OF PYROTECHNIC SIGNALS.
a. The principal factors controlling the effectiveness of pyro-

technics are design, position and atmospheric conditions.
(1) Factors of design include candlepower, color, and degree of

separation of the parts of a composite signal.
(2) Factors of position include height at which the flare or

signal functions; distance of observer from signal; distance of flare
from objective to be illuminated; background; and relative position
of flare, objective, and observer.

(3) Atmospheric conditions include clarity of atmosphere; time
(day or night); presence of haze, fog, dust, rain, or snow; and the
color and brightness of the sky.

It. Tables of visibility, distinguishability, and distance are pub-
lished in TM 9-1981.

124. FLARES.
a. Flares are used to provide illumination for reconnaissance,

observation, bombardment, landing, and practice firing of antiair-
craft guns. While the details of flares vary with their purpose, all
have certain common characteristics (figs. 107, 108, and 109):
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/-PLASTIC HEAD

/[———STEEL—————|
ALUMINUM (MARKING IN BLACK)

RA PO 44447

figure 109 - Parachute Aircraft Flare M9AI

(1) Production of a white or yellowish light of high intensity
ranging from 60,000 candlepower for 1 minute to 1,000,000 candle-
power for 3 minutes or longer.

(2) Parachute support, to retard their speed of fall, thus pro-
viding efficient illumination for observation.

(3) Delayed ignition, to assure their reaching a specified altitude
before ignition. Ignition is usually controlled by the opening of the
parachute by means of a wire attached to the parachute cable or
shock absorber, this wire pulling ignition wires through the igniting
composition. The flame thus produced is then carried by quick-
match to the primer, first-fire charge, and the illuminant composition
of the candles.

It. Flares for use below a plane, such as those intended for bom-
bardment purposes, are provided with shades to shield the bom-
bardiers from the glare.

G. Flares that are to be released from launching tubes or racks
are equipped with a hangwire assembly which is attached to the
arming pawl of the tube or rack. The flares may be released "armed"
or "safe." When the flare is released "armed," the hangwire remains
attached to the plane and pulls out the parachute or stabilizing
sleeve. A section of soft metal tear wire enables the flare to break
free. If released "safe," it will not function in the air but may ignite
on impact. This possibility must be kept in mind in releasing flares
safe over friendly territory.

(I. The flare provided as a target for both day and night practice
firing of antiaircraft guns, is towed by a plane at the end of a steel
cable. See figure 110.

125. PHOTOFLASH BOMBS. This ammunition item (fig. I l l ) ,
called "bomb" because of its explosive nature, provides a brilliant
light of short duration for night photography. A photoflash bomb
which is dropped safe, or whose fuze fails to function, may detonate
on impact. The flash from photoflash bombs, even at distances pre-
scribed as safe from bomb fragments, is injurious to the eye because
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Figure III- PhefoflosA Bomb M46
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COLOR OF BANDS TO CORRESPOND
WITH COLOR OF IDENTIFICATION TOPS

GREEN

YELLOW •YELLOW

IDENTIFICATION TOP FOR:
A—SIGNAL, AIRCRAFT, PARACHUTE, RED STAR, Ml I
l-SIGNAL, AIRCRAFT, SINGLE STAR, AN-M34
C—SIGNAL, AIRCRAFT, SINGLE STAR, AN-M35
IX—SIGNAL, AIRCRAFT, SINGLE STAR, AN-M36
E—SIGNAL, AIRCRAFT, DOUBLE STAR, AN-M28

COLOK
RED
RED
YELLOW
GREEN
RED-RED

IDENTIFICATION TOP FOR:
F—SIGNAL, AIRCRAFT. DOUBLE STAR, AN-M29
G—SIGNAL, AIRCRAFT, DOUBLE STAR, AN-M30
H—SIGNAL, AIRCRAFT, DOUBLE STAR, AN-M31
I—SIGNAL, AIRCRAFT, DOUBLE STAR, AN-M32
J—SIGNAL, AIRCRAFT, DOUBLE STAR, AN-M33
X—ALUMINUM (MARKING IN BLACK)

COLOR
YELLOW-YELLOW
GREEN-GREEN
RED-YELLOW
REO-GREEN
GREEN-YELLLOW

RA PO 6HMA

Figure 112 — Aireratt Signals fRimlets Types)
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RA PD 35680

Figure 1 15 - Slick Marker AN-M59

of its brilliant flash. The photoflash bomb M46 produces a flash
which reaches an intensity of 500 to 700 million candlepower for
approximately 0.02 second and functions from 5 to 90 seconds, de-
pending on setting of its mechanical time fuze.

126. AIRCRAFT SIGNALS.

a. These signals are fired from pyrotechnic discharges which are
described in TM 9-290. The signals are provided for signaling from
aircraft to other aircraft or to ground units. They may also be fired
on the ground. There are two types of aircraft signals:

(1) The rimless type, assembled in an aluminum or plastic-steel
barrel. The barrel is in the shape of a cylindrical cup which is
grooved near the base or closed end. The primer is pressed into the
center of the base. A press fit identification top (closing top) is
cemented in the opposite end. (See fig. 112.)

(2) The cartridge type, assembled in a cylindrical shell to which
a metal or plastic head, containing the primer, is crimped. The op-
posite end is closed with a cardboard wad or press fit metal disc
which is colored and marked to indicate type of signal. In appear-
ance, it resembles a large shotgun shell (fig. 113).

170

Par. 127
Classes of Ammunition

PRESSURE CAP—

SAFETY SCREW..

SUSPENSION CABLE

. SAFETY COTTER PIN

PUU RING

FIRING PIN

PRIMER

IGNITER

RELAY CHARGE

PROPELLING CHARGE

figure 116 - Parachute Trip flare %M48
RA ro ««ori

127. DRIFT SIGNALS. Drift signals are provided as an aid to
navigation over water by providing a stationary reference point for
determination of drift of the airplane. The signals are released from
the plane by hand and drop to the water, being stabilized in fall by
fins. There are signals for daytime use and others for use at night.
Day drift signals contain a metallic powder in a streamlined paper
shell which breaks on impact with the water allowing the powder to
form a slick on the surface for use as a reference point. Drift signals
(fig. 114) for use at night contain a pyrotechnic pellet or candle
which is ignited by the fuze on impact with water. The signal will
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M43 MECHANICAL TIME M4SA2 SQ AND 0.15-SEC DELAY

MS4TIMEISQ M57SQ
RA PD 89326A

Figure 63 - Fuzet for Fined and Semifixed Ammunition

101

M5IA4 PD FUZE .15 SEC DELAY

M5SA3 TSQ FUZE

M67A3 MECHANICAL TIME FUZE RA PD 893UA

Figure 64 — Fuzes for Separate-loading Ammunition
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HA M> 104*30
Figure 65 - Booster M25 and Concrete-piercing Fuze M7B

malfunction.
(3) Fuzes of the impact type are armed by centrifugal or set-

back force, or a combination of both, acting on parts of the fuze
after the projectile leaves the muzzle of the gun. The time element
of time fuzes is initiated at the instant of firing by set-back (that is,
the effect of inertia). To prevent accidental arming in handling and
shipping, safety devices such as a safety wire or cotter pin may be
used. Such safety devices must be removed before firing.

«A fD 104131

figure 66 - Rocket Fute M81

110

102. ADAPTERS AND BOOSTERS.
a. Adapters. In chemical shell and in many high-explosive shell

of large caliber, openings in the nose are considerably larger than
required by the fuzes in order to facilitate the manufacture and load-
ing of the projectiles. For such shell, a suitably threaded metal
bushing, called an adapter, is necessary to reduce the size of the
opening to conform to the threaded portion of the fuze. In chemical
shell, the adapter has an additional function, that of providing a gas-
tight seal for the chemical filler.

b. Boosters. The term "booster" is applied to the explosive ele-
ment in the bursting-charge explosive train which detonates the main
charge. The booster contains safety devices to prevent premature
detonation of the main charge. The booster charge may be incor-
porated within the fuze itself. It is usually contained in a thin
metal or plastic casing which is assembled to and handled as a unit
with the fuze. It may be inserted in the shell during loading.

c. Bursters. An auxiliary explosive element in burster-type
chemical shell, which opens the shell and disperses the chemical
agent, is called a "burster." It consists of a burster charge, a container
for the charge, and a metal head. The burster as used is contained
in a burster casing in the shell.

<1. Adapter-booster*. In some cases, the booster has been com-
bined with the adapter, the two assemblies thereafter being handled
as a unit. Such combinations are known as adapter-boosters. Adapter-
boosters are not extensively used in present-day artillery shell.

103. PROPELLING CHARGES.
«. General.
(1) In general, propelling charges consist of a charge of a

propellent, with an igniter charge of black powder, assembled in
a suitable cartridge case, cloth bag, or both.

(2) PROPELLENT POWDER. Propellents are described in chap-
ter 1, section IV.

(3) IGNITER CHARGE. In fixed and semifixed rounds, the igniter
charge of black powder is present in the artillery primer. In "sep-
arated" ammunition an auxiliary igniter charge is placed around the
primer or on the distance wadding to insure proper ignition of the
propellent. In separate-loading rounds, the igniter charge is assem-
bled in an igniter bag sewed to the base end of the propelling charge
and in some cases also forming a core running through the center
of the propelling charge bag. Cartridge-igniter pads are made of
closely woven silk to prevent the black powder from sifting through.
Cloth of current manufacture used for the igniter charge is dyed
led to indicate the presence of the black-powder igniter. That of
earlier manufacture (undyed) is marked "IGNITER."

Ill



.".' i ••' ••.l--f*7f:(.-'- "- *.f- =: -':-1 :'&$. ;,-: .%!
^>^r3::-,J••W^$.-n -*.J

Par. 102 TM 9-1900 TM 9-1900 far. IUJ
' Ammunition

0
o
O)

I
a.
a
^
§

K
'O

D>

Classes ot Ammunition

112

(4) TYPES OF PROPELLING CHARGE. The type of propelling
charge depends upon the kind of ammunition, that is: fixed, semi-
fixed, and separate-loading.

I*. Fixed mul semifixed rliurgea.
(1) CARTRIDGE CASE. A cartridge case, made of drawn brass

or steel, serves as the container for the propelling charge in the case
of fixed and semifixed artillery ammunition. Its profile and size
conform to that of the powder chamber of the weapon for which the
case is intended. The head of the case is relatively thick and has a
flange or groove to permit mechanical extraction. Rounds used in
automatic guns have cartridge cases with an extracting groove instead
of a flange or rim. The cartridge case holds the primer, propelling
charge, and the projectile so that the assembly can be inserted into
the weapon in one operation. It also provides for obturation, that
is, it expands under the pressure of the burning propellent gases and
prevents the escape of gas to the rear.

(2) PROPELLING CHARGE IN FIXED AMMUNITION. The propelling
charge in a round of fixed ammunition is packed loosely in the cartridge
case. In some instances where the charge does not fill the case
completely, a spacer or distance wadding, usually a cardboard disk
and cylinder, is inserted in the neck of the cartridge case, between
the powder charge and the base of the projectile.

(3) PROPELLING CHARGE IN SEMIFIXED AMMUNITION. In semi-
fixed artillery ammunition, the charge, divided into parts or incre-
ments for zone firing, is assembled in several cloth bags. The full
charge with all increments' in proper order, is assembled in the
cartridge case, which is a free fit over the end of the projectile.
Each increment is numbered, the base charge being numbered "1."
Thus, to arrange a propelling charge in proper order for firing charge
4, the increments would be arranged in the order 1, 2, 3, and 4, incre-
ment 4 being placed uppermost.

<•. "Separated" ammunition propelling charge. This propel-
ling charge is contained in a cartridge case, together with the primer.
The charge consists of propellent powder, loosely loaded in a brass
cartridge case which is closed by a plug. It will be noted that this
ammunition is considered to be separate-loading.

d. Separate-loading charges (fig. 67).
(1) CARTRIDGE BAGS. Cartridge bags form a suitable and con-

venient means of containing the smokeless-powder charge in separate-
loading ammunition. Cotton cloth is the standard material for
cartridge bags.

(2 ) SINGLE-SECTION CHARGES. Separate-loading propelling charges
are divided into single-section and multisection charges. In the
single-section charge, the propellent powder is contained in a single
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bag, tightly laced or wrapped to give the charge rigidity. The igniting
and end igniting charge is divided into three parts, each in its own bag,
two end pads, and a core which extends axially through the center of
the charge and connects the igniter pads sewed to each end. This
type of igniter is termed a "core igniter."

(3) MULTISECTION CHARGES. Multisection charges permit the
gun crew to vary the size of the propelling charge and facilitate
handling the larger and heavier charges. Multisection charges are
subdivided into "base and increment," "equal section," and "unequal
section" types.

(a) Base and increment. This type of propelling charge consists
of a base section or charge and one or more increments. The incre-
ments may be of equal or unequal weight. Whereas the base section
is always fired, the increments may or may not be fired. With some
types, one igniter pad is attached to the base end of the base
section only, while other types have a core-type igniter in the base
section and sometimes in one or more increments as well.

(b) Equal section. In this type, the sections are equal in size
and weight. It was formerly known as the "aliquot part" charge.
It is used in 14-inch gun ammunition and for other larger-caliber
weapons.

(c) Unequal section. In the case of certain howitzers, the charge
is made up in unequal sections. In the case of guns, the charge may
be made up of several equal sections and two or more unequal sec-
tions. This type permits firings at reduced velocities and provides
the maximum flexibility.

(4) COLOR. In certain cases two base and increment charges
are provided for one howitzer—one for inner, the other for outer
zones of fire. The cloth of the bags for the inner zones is dyed
green to distinguish that charge from the other type which is assem-
bled in undyed (white) bags. Accordingly, these two types of
charges are called "green bag" and "white bag" charges (fig. 6).

(5) STACKED CHARGES. In order that certain long propelling
charges will have more rigidity, the grains of powder are arranged or
stacked in uniform order and direction. These charges, having the
grains with their long axis parallel to the longitudinal axis of the
charges, are said to be "stacked."

(6) FLASH REDUCERS. Flash reducers are used with propelling
charges during night firing. These devices greatly reduce the flash
and thereby impede enemy observation of gun positions. The flash
reducer developed for the 155-mm guns (fig. 68) consists of two
scarlet-dyed cotton strips which are linked together with silk strings.
Each strip contains three channels which are filled with chemicals.
Two outside channels of each strip contain a mixture of 60 percent
potassium sulfate and 40 percent black powder. The center channel
contains only black powder. When tied around the charge, the
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< INCREMENT SECTION

RA >D 26773
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Figure 68 — Flash Reducer for Propelling Charges for 155-mm Guns

strips are opposite each other. Flash reducers are made to fit a
specific propelling charge. The use ot flash reducers slightly increases
the muzzle velocity; therefore, the proper correction must be applied
when computing range data during firing.

(7) DUMMY CHARGES. Dummy charges, simulating service
charges (fig. 62), are provided for use with drill projectiles to train
personnel in ''service of the piece."

104. PRIMERS.
a. General. A primer is the component used to initiate the

combustion of a propelling charge. Artillery primers (fig. 69)
consist essentially of a small quantity of sensitive explosive and a
charge of black powder, encased in a metal container. In the case
pf fixed and semifixed ammunition, the -primer is forced into the
base of the cartridge case at time of manufacture. In the case of
separate-loading ammunition, the primer is inserted by hand into
the breechblock of the weapon.

It. Types; Based on the method of firing, artillery primers are
classified as percussion, electric, combination percussion-electric, fric-
tion, and ignition.

c. Percussion primer. This type of primer, fired by a blow of
the firing pin, is generally used in all artillery ammunition except
that for harbor defense and railway artillery. The primers used in
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COATED WITH
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ELECTRIC PRIMER, M30

PRIMERS FOR SEPARATE LOADING, ROUNDS

A —FIRING PLUG
B —PRIMER CUP
C — PERCUSSION

ELEMENT CHARGE
D —FOILING PAPER
E —ANVIL
F _ IGNITER CHARGE

(HtlMCK CHAtGt)
G — BODY PLUG

H —CONICAL GAS CHECK
I _ FIRING PLUG
J _ INSULATOR
K — PLUNGER
L —GUN COTTON
M —CONTACT OR

IGNITION WIRE
N —METALLIC SEAL
O —BUTTON

P —SERRATED GAS
CHECK

Q — FRICTION
COMPOSITION

R—CLOSING CUP
S —PRESSED BLACK

POWDER PELLETS

RA PO 89324A

Figure 69 — Primers — Sectioned
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cartridge cases contain sufficient black powder to ignite properly
the smokeless powder in the cartridge case. Those used with
separate-loading propelling charges contain only enough black pow-
der to ignite the black-powder igniter charge attached to the pro-
pelling charge.

(I. Electric primer. This type of primer is fired by the heat gen-
erated when an electric current passes through a resistance wire
embedded in dry guncotton. It is used only in harbor defense and
railway artillery. Although both the friction and electric primers
are very similar in appearance, the electric primer is distinguished
by black insulation around the contact wire and by a groove machined
around the head.

e. Combination percussion-electric' primer. This primer is fired
either electrically or by a blow of the firing pin. It is used only in
certain harbor defense and railway artillery.

f. Friction primer. This type of primer is fired by the heat gen-
erated when a serrated plug is pulled through an explosive composi-
tion sensitive to heat or friction. At the present time it is used
as a substitute for the electric primer in the event of failure of
electric power.

g. Ignition primers. Tne ignition primer, although very similar
to the percussion type, differs in that it contains, in lieu of the per-
cussion element, an inert cap with a hole in it. It is intended for
use in certain subcaliber ammunition fired by a service primer. The
flame from the service primer passes through the hole in the cap
of the ignition primer, thus igniting the black-powder charge in the
ignition primer.

105. BLANK AMMUNITION.
a. General. Blank ammunition is provided for cannon of caliber

up to and including 105-mm, for practice purposes, for maneuvers,
for firing the morning and evening gun, and for saluting.

I). Complete round. A complete round of blank ammunition (fig.
70) consists of a cartridge case into which are fitted a percussion
primer, a charge of black powder, and a chipboard closing cup sealed
in the mount of the case. The cartridge case is usually made by
trimming service cartridge cases to the proper length. The black-
powder charge in the latest design of blank ammunition consists of a
single or double pellet in place of the loose black powder (in bag)
formerly used. A hole, into which the primer extends, is left in the
center and the pellet is wrapped in cellophane.

106. POWDER TEMPERATURE INDICATORS. Powder tem-
perature indicators (fig. 71), used in antiaircraft batteries, enable
taking the powder temperatures for ammunition either at battery
or in storage at points of supply. They consist of a thermometer
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stuck into a powder charge in a service cartridge case which, in
turn, is packed in a fiber container. The thermometer can be read
through plastic lenses placed in the head of the assembly. They are
placed with the lot of ammunition so that the temperature may be
noted. Since firing tables are based on the temperature of the
powder at 75° F at the time of firing, any deviation from this
temperature has to be considered in firing data computations.

107. CARE AND PRECAUTIONS IN HANDLING.
a. In addition to the precautions prescribed in chapter 3, the

following will be observed:
(1) PROJECTILES. Projectiles should be inspected to insure that

there is no exudation of the contents, that the bourrelet and rotating
band are smooth and free from serious dents or burs, and that the
threads of the adapter are clean. Field artillery projectiles should
be clean and free from grease.

(2) PROPELLANTS. The propellants of fixed ammunition cannot
be readily inspected, but those for other ammunition should be noted
when preparing the charge. Make certain that only the proper
increments are removed from the adjustable complete charge. There
should be no leakage of contents from any of the cartridge bags.
For separate-loading ammunition, the tag and igniter pad cover, if
present, must be removed prior to loading the charge into the weapon.

(3) FUZES. The fuze should be carefully inspected to ascertain
that it is properly set, and that no unauthorized removal of part?
has been made. No attempt will be made to disassemble fuzes or
rounds in the field without specific instructions from the Chief of
Ordnance. Ail separately-issued fuzes should be tightened to the
projectile with a fuze wrench. With fixed and semifixed ammunition,
the packing stop must be removed from the projectile before firing.
Time fuzes which have been set but not fired must be reset at
"safe" before being replaced in their containers.

(4) PRIMERS. Because of the hygroscopic nature of primers,
their container cans should not be opened till necessary. Primers
should be inspected particularly for signs of corrosion.

(5) CARTRIDGE CASES. Cartridge cases should be carefully
inspected for cracks or dents which may affect their functioning
or the functioning of the weapon. Badly corroded cartridge cases
will increase the difficulty of extraction or may result in split or
ruptured cases. Cases with faults which may result in a rupture
should not be used. Their use may place a weapon out of action
for a considerable period of time while the ruptured case is being
removed. With semifixed ammunition, it is important that the
mouths of cases not be deformed. If deformed, such a case may
be difficult to load and, if loaded and fired, a serious blow-back
may result.
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Figure 72 — Metal Container for Primers

108. PACKING.
n. General. Artillery ammunition and components, except sep-

arate-loading projectiles, are packed in moisture-resistant fiber con-
tainers which are boxed (figs. 73 and 74) or placed in metal con-
tainers or in sealed metal cans. Crates may be used for additional
protection for certain cartridge-storage cases (metal containers for
propelling charges), projectiles having windshields, and dummy
projectiles. Some fuzes are now being packed in hermetically sealed
cans and then in a wooden box (fig. 76). Separate-loading projec-
tiles are'shipped boxed, crated (fig. 75), or uncrated. If uncrated, a
grommet is placed, around the rotating band and an eyebolt-ltfting
plug is screwed into the fuze hole (figs. 57 and 58).

It. Metal containers. Airtight cylindrical metal containers, known
as cartridge-storage cases (fig. 8) are used to pack separate-loading
propelling charges. Similar metal containers (figs. 78, 79, 80, and
81) are also used to pack one artillery round, either with or without
a fiber container. The metal container has a detachable screen-type
cap. To insure compact and tight packing, rubber felt and cork pads
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Figure 81 -Metal Container Ml52 for 105-mm How/fzer Rounds
130

are used in the interior of the container to prevent sideward motion,
upper and lower guide rings are provided on the interior of the con-
tainer.

c. Metal cane. A sealed metal can (fig. 72) with metal tear strips
is used to pack separate-loading artillery primers. These cans are
packed, in turn, in a wooden box.

<I. Waterproof hags. Propelling charges may be packed in water-
proof bag in fiber containers (fig. 77).

Section V

BOMBS

109. GENERAL.
a. A bomb is a stream-lined container of explosives or chemicals

intended for release from aircraft. It consists of a body containing
the charge and a device to explode or scatter the charge at the
target. Aircraft torpedoes, submarine mines planted by aircraft,
rockets, pyrotechnics, and mortar bombs, although similar in nature,
are not classified as bombs.

I). For reasons of safety, the components of a bomb are usually
stored and shipped separately, and must be assembled prior to use.
The components of bombs (fig. 82) differ (depending on the par-
ticular type and model) but, in general, they consist of:

(1) The unfuzed bomb body containing explosive, incendiary, or
chemical filler.

(2 ) The fuze, or fuzes.
(3) The fin assembly (assembled to smaller bombs as shipped).
(4) The arming wire assembly.
c. Bombs are installed in airplanes by means of suspension lugs.

Bombs of 100 pounds and more have the suspension lugs on the
side of the body, arranged for horizontal suspension of, the. bomb.
Some smaller bombs have one lug on the side and another on the
tail end, which permits the bomb to be installed either in a horizontal
or vertical bomb rack; others are strapped in clusters of several
bombs and suspended as a unit. Some AN bombs have three sus-
pension lugs, two on one side of the bomb body and one on the
opposite side to provide for use in both Army and Navy aircraft

d. The functioning of bombs depends primarily upon the action
of the fuze, which may be superquick, delay, or time. The terms
"superquick" (instantaneous) and "delay" refer to the action at
the instant of fuze impact, whereas "time" refers to the time from
the release of the bomb to the instant of function.

ill
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«-. Bomb fuzes, after assembly into the bomb!:, are prevented
from arming or functioning during handling by means of an arming
wire winch is normally removed by the bomb's release from the
airpl:ine. When it is necessary to remove the arming wire to unfuze
a bomb, instructions attached to the fuze should be followed closely.
Provision is made for releasing the bomb "snfe" from the. airplane
without removing the arming wire from the fuze when it is desired
that the bomb should land without functioning. :.' . .' .V:v ; 7

f. A general description of the several types of bombs is included
in the following paragraphs.

110. IDENTIFICATION. Bombs are painted in accordance with
the basic color scheme outlined in chapter 1, section II and illus-
trated in figures 9 and 10. Bombs are marked to indicate type,
weight, model, filler, lot number, and loading plant and date loaded.
In addition, the AIC symbol is stenciled on uncrated bombs.

1 1 1 . CLASSIFICATION. 'Because of the many uses for bomb»
dropped from aircraft, there are many types and sizes of bombs,
ranging in weight from 2 to 4,000 pounds. In common with other
types of ammunition, bombs are classified according to filler as •
explosive, chemical, incendiary, pyrotechnic, ond inert. Explosive
bombs are classified according to use as general-purpose (GP) '
(demolition), light case (LC), armor-piercing (AP), scmi-armor-
piercing (SAP), fragmentation, and depth. Chemical bombs are
classified according to type of filler as gas or smoke. Inert bombs
are used for practice and drill.

112. EXPLOSIVE BOMBS.
a. These bombs are intended for the destruction or demolition:

of materiel targets. The destructive effect is produced by the violence
of the detonation, "blast effect"; by projection of pieces of the cise, .
"fragmentation"; and by displacement of earth and buildings, "rhin- :

ing.' An explosive train for bombs is illustrated in figure 83.
l>. C<:neral-|»ir|i«.<ie. The general-purpose (OP) bomb (fig. 84)

meets the requirements of most bombing missions. The various'
models range in weight from 100 to 2,000 pounds and the quantity
of explosive in this type averages S5 percent by weight. General-;
purpose bombs may be used for blast, fragmentation, or mining.,
effect. They use both nose and tail fuzes. Nose fuzes produce .
more efficient surface effect, and tail fuzes produce more efficient
mining and penetration effect. Both fuzes are generally Used, the
secondary fuze as insurance against malfunctioning. The. metal cas*
is strong enough to withstand impact with ordinary materials when;
released from high altitude, but it may fail on impact with heivy
armor or heavily reinforced concrete structures. . • ' ? • '
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b. Trip flares are primarily used to give warning of enemy
marauders or infiltrating hostile troops. Secondary use of the trip
flare is for illumination of such troops or for signaling. They are
similar to booby traps in that they are left in the path of an ad-
vancing enemy and depend upon some action of the enemy for
initiation. One model resembles a bounding antipersonnel mine
(fig. 116), since it propels a shell containing a parachute-supported
candle into the air 300 to 500 feet high where the candle is ignited
and expelled from the shell case. Another resembles a hand grenade
in size and shape (fig. 117) with the addition of a bracket for attach-
ment to a tree or post and a trigger mechanism for firing. Unlike
hand grenades, the fuze has no delay element.

131. ILLUMINATING SHELLS. These pyrotechnic items are pro-
vided for illumination by ground troops of objectives beyond the range
of other flares. They are fired from mortars or artillery cannon and
contain a flare candle, parachute and time fuze. (See chapter 2, sec-
tions III and IV.)

132. GROUND SIGNALS.
a. Standard ground signals (fig. 118) are launched by means of

grenade launchers Ml, M7, and MS attached to caliber .30 rifles or
carbines. These signals consist of the signal assembly and the stabi-
lizer fin assembly. The signals may be green, amber, red, or white in
color and may be of the parachute type or five-star cluster type. A
new series of ground signals produces red, orange, green, violet, or
yellow smoke.

It. The high-burst-ranging signal M27 (fig. 119) is fired from the
ground signal launcher MlAl; the high-burst-ranging signal M27A1B1
(fig. 119) is fired from standard grenade launchers similar to standard
ground signals. This signal simulates the high burst of artillery shell
for ranging practice. It rises to an altitude of approximately 550 feet
when fired from the ground launcher M1A1 and approximately 700
feet when fired from the grenade launcher. The burst is accompanied
by a flash, a puff of gray smoke, and a noise which can be heard for
a distance of at least 2,000 yards.

133. DISTRESS SIGNAL. This signal is for use at sea. It is
assembled in an all metal body and is not adversely affected by
prolonged exposure to water vapor. The distress signal M75 has a
self-contained projector and the signals M13 are for use with the
pyrotechnic projector M10.

134. FLASH AND SOUND SIGNAL. The flash and sound signal
M74 is intended primarily for control umpires to simulate air burst
of artillery fire for training troops. It is fired from the pyrotechnic

I
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figure 123 — Packing Box for Ground Signals

pistol M8 or the hand pyrotechnic'projector M9. In appearance it is
similar to the cartridge type aircraft signals. At an elevation of 45
degrees, the height of burst of the signal is about 100 feet.

»

135. RED FUSEE. The 20-minute red fusee M72 is similar to com-
mercial type fusees. It consists of a cylindrical paper tube filled with
red flare composition and a sharp nail protruding through the wooden
bottom plug. A match head imbedded in the top of the flare com-
position may be ignited with a striking composition block.

136. IDENTIFICATION. In addition to the standard markings and
painting (chap. 1, sec. II), varieties of one type of signal carry, as a
means of identification among themselves, markings as follows:

a. Aircraft signals are distinguished by the color and embossing
on the identification top (outer wad), and by bands in the color of
the signal produced.

1
2
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It. Some ground signals are distinguished by the color and em-
bossing on the fin, others by the color and embossing on the identifica-
tion top.

c. For information of those installing flares M8A1 and M24 in
aircraft, the word "FRONT" is stenciled on the front of the case and
the location of suspension bands is indicated by black bands painted
on the case.

<l. Over-age and substitute composition flares assigned to training
will have a blue band approximately 2 inches wide painted around
the body immediately below the label. These flares may also be
stenciled "FOR TRAINING USE ONLY".

137. CARE, HANDLING, AND PRESERVATION. Pyrotechnics
contain material of an intrinsically hazardous nature. In general, the
same regulations apply to pyrotechnics as for other types of am-
munition, covered in chapter 3, sections I and II. In addition, the
following will be observed:

a. Pyrotechnics are protected from moisture by moistureproof her-
metically sealed containers. When containers show signs of dampness
or moisture, they will be opened and if there is evidence of moisture
on the pyrotechnics, they will be destroyed by authorized and experi-
enced personnel. As pyrotechnics are very hygroscopic, they should
not be removed from standard packings any sooner than necessary
prior to use.

h. Besides the hazardous pyrotechnic compositions, pyrotechnics
contain sensitive elements, such as fuzes, friction compositions, and
primers. Disassembly of pyrotechnics or components is prohibited.
Boxes containing signals which are discharged by percussion primers
should be placed flat with the top of the box up. Protective or safety
devices should not be removed until just before use. Care should
be taken to avoid damage to fiber cases and parachute pull-out cords.
Pyrotechnics, especially projected types which are seriously dented
or deformed will not be used, as a damaged barrel or case might cause
a round to become lodged in the bore of the projector. It should be
kept in mind that photoflash powder is as hazardous as black powder.

r. Storage of pyrotechnics is described in chapter 3.
«l. The incendiary effect of pyrotechnic material should be kept

in mind in using such material in the vicinity of dry brush and grass.
e. Pyrotechnic material is poisonous to men and animals if taken

internally.
f. During maneuvers over terrain, other than military reservations,

the location of dud flares and photoflash bombs will be observed and
reported. The duds will be sought out and destroyed, as soon as pos-
sible, as instructed in chapter 4.

no

138. PACKING. Due consideration is given in packing of pyro-
technics to prevent contact with moisture. Pyrotechnics are packed
in metal-lined or unlined, nailed or wirebound wooden boxes. Those
in unlined boxes are placed in inner containers consisting of sealed
corrugated board cartons, cylindrical fiber containers, or metal con-
tainers. The cartons are dipped in paraffin to protect the contents
from moisture. See figures 120, 121, 122, and 123.

Section VII

ROCKETS
139. GENERAL. A rocket is a projectile which is propelled by the
reaction, or recoil, from discharging a jet of gas to the rear at high
velocity. The gas is produced by the burning of a propelling charge
within the rocket itself. A military rocket consists of a head, or shell,
and a motor. The head contains the explosive or chemical charge
and a fuze; it is similar in function to an artillery shell or a bomb.
The motor consists of a tube closed at one end and constricted near
the other to form a nozzle; it contains the propelling charge and
an igniter. Fins may be attached to the motor to stabilize the rocket in
flight. The principal advantages of rocket ammunition are that it
imparts little or no recoil to the weapon and does not require a rifled
barrel. A further advantage lies in that the forces of setback are
spread over a long period of acceleration rather than concentrated in
a short time as in a gun. Consequently rocket propulsion can be
used for light case missiles of high capacity with fuzes of more fragile
construction. The disadvantages are, that protection is required
against the blast of hot gas from the tail of the rocket, and that rocket
dispersion is greater than that of shell of similar caliber. The weapon
used in firing the rocket is designated a launcher since it serves only
to give the rocket its initial direction and does not project the rocket
as a gun or mortar.

140. CLASSIFICATION.
a. Rockets are classified according to the filler of the rocket head

as explosive, chemical, practice, or target (figs. 16 and 124 through
131).

l>. Explosive rockets. Explosive rockets contain a high-explosive
filler and are further classified as:

(1) HIGH-EXPLOSIVE (HE), which has a relatively large charge
of explosive for blast, fragmentation, or mining effect at the target.

(2) HIGH-EXPLOSIVE, ANTITANK (HE.AT), which contains a spe-
cial shaped explosive charge particularly effective against armor.

(3) DEMOLITION, which has an exceptionally thin case and a cor-
respondingly large charge of high explosive.

ill
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C. MolOr. • : , . : • . :
(1) GENERAL. The rocket motor is assembled to the rear of the

head. It consists of a hollow tube which is closed at the forward end
and has a nozzle in the form of « venturi tube at the rear. The motor
contains the propelling charBe and the igniter. Fm, for stabilizing the
flight of the rocket are attached to the outside of th«^ motor £ We
rear end, except on spin-stabilized rockets. Sp,n-,tab,l»edfc rocket,
have several venturi tubes concentrically located about j.nd iUI in-
clined to the longitudinal axis of the rocket in the ,»me ,̂rect.on so
as to produce spin wheh the gases are emitteo through then*.,

(2) ICN.TER. The igniter consists of a ^er *"«*'*£%£
black powder assembled within the ,motor. The primer »«£*»*
the heat generated in a wire by electric current. The pr.mer .gmte,
the black powder which in turn ignite, the propelling charge. .
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(3) PROPELLING CHARGE. Ths propollinrj «iian;'» consists 01 dou-
ble-base powder in tb.' form of s'idcs which i:\&y 1: .• solid cr niey hivf-
an axial pcifcrution. Tho size1 of the propelling charge: is usually indi-
cated by ths tolr.l lr.-ns<!h (.{ powder sticks plus tin: web tiiametei o!
the grain. Thi:; makes f'.-r uniformity of burning and controls trie
burning rate. V/iu-n tin; propelling char^v is i;;<::tcd it burns an-i
produces gases under hiy.h pressure within the motor. The gase.l
escape through the nozzle producing the jet which drives the rocket.
The propelling ch.-.rge is held in place in the motor by a trap RSsem-
bly. The trap may be- in the form of n grating or may be in the form
of a cnge with the perforated sticks threaded en the bars.

(4) EFFECT OF -fSMpERATUas. Thi- burning rate cf propellent
powder varies will: the te-.rpeiature and the pressure. Tiist is, the
higher the temperature or pressure, the faster the powder burns.
When rockets are fired at temperatures higher than those for which
they are designed, the propelling charge builds up pressure tetter than
the nozzle ca:> release it and, as a consequence, dangerous pressures
are built up which may cause the motor tube to burst. When rocksU
are fired at temperatures below the specified range, the charge burnt
slowly and produce* erratic fringes. It may also cause imnesirfible
back blast after the rocket leaves the launcher.

143. LAUNCHERS.
a. CharncterHlicg. To meet the characteristics required of.» ,'

weapon for firing the rocket, the launcher has only to provide mean*'
01 aiming, firing, and blast protection. . . • .y^ :•:•<'

b. Aiming. This requirement is met if the rocket is pointed in the
proper direction at the moment of firing.. 'A light metal or plastic
tube, a pair of parallel rails or an improvised trough may serve to
give the rocket its initial direction. Such devices may be carried by
personnel or mounted on a light carriage.

c. Firing. In general, rockets are fired by a pair of electrical con-
tacts connecting the igniter with a battery or generator. . . - .••

<), Blast protection. Minor caliber rockets have a short burning
time and generally burn out before leaving the launcher. A small
conical blast deflector is sufficient to protect the flrer against the occa-
sional long-burning round. In medium and major caliber rockets, the ••,
propelling charge continues to burn for 30 to 100 feet beyond the-

launcher, and blast protection is proyideid in some .cases .by me'fal ;.
shields on the carriage and in others by providing'lead "wires long .•••
enough to permit firing the rocket from a safe distance to the side, r

c. Multiple launchers. A'number of tubes" or. sets of rails may fey;'
assembled as.a unit and mounted oh one carriage. .The firing;inecb«-;'.:
nism of such a mount permits firing individually or:in salvo. • • ' ; • _ . . • •

. : . . • «t : • . • ' . -:i' •: v : / .•.••:v7-v:'
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a. Ta idcition to -he general precautions in chapter 3, the pric'ai--
-IOP.S ;n the .ollou-ing paragraphs v/iil be observed.

^ 1>. Rcc-cets should ha protecceo asjainst sources o! hi?h tenipers-
,ur. such as exposure to the direct rays of the sun. These rockets
rfhich arc known to have been exposed to higher temperatures than
the l,mi» indicsted on the packing will not be i,sed They will be
placed in segregated storage until they can be destroyed

c. When rockets are involved in a fire, their ran^e is not limited
compared to service ranges, as is the case with other types of sm-
mumtJon. This fact should be !«pt in mind in storing rochets. They
snould, if practicable, be kept in barricaded storage
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tor corrosion D'i:i leaks'**

y char-se is made in an :wm, .wen :.* aheri.i? t!:c .;rc.pel«ng

mtnkcd li
f Care should b- exorciccU to avoid dr;:,;ir,2 motor .

biirg he fins. Rcckew with ccr-wdy :!:-«te.l tube, vv.l not b-
ft £ h L.SC such dc«i-.,? i,K-reaiM --ha toa..^ «ten«ty wlnch^
c,Uso d,.n8ero.» pr^surc, ,:« rri,:«. Da^d fins «« «u« «.«.«
flight. •

,,. Rockets should .101 be Hrtc! at tern;:,! QUIT* outside thi l.'.ntS
specified. <

I, Care should be ex*«i«d ir. firms Armi?.h a screen of brush
or tre.s. 1,-pact with a v^ or branch r-wy "^ '̂ «» ^tket or C8U"
it to detonate.

--...-.....-.._ ....^^^^^'^i^n

^ f̂SM^S^
,.fcKSfeffir»*SS£&'?

i. !„ mskiM. connections lor rieaiieally Sr«d rockets, cnre
be ,x«,cised to insure that all connections ore Soo« and «n5t

lated sections of the firin- circuit r,re protected 3Sa«nst 5liort ci

j. The blast area to tha rear Is specified For each type of roetet . '.
P^sonnel and rncteral most not be permitted in thU are« nrter a
kuncher is orepareci for firing until the rocket ha* bwn fiieo. o, t»-
launcher unloaded. If practicable, combustible rnatenal should,^
removed from this area. '

!c. Ammunition, includinis rockels for immediate use,
stored within 100 yards behind :he firing Point^ °̂[. *'
munition be peimitttd within 10 yards to the side of ^

it has the same protection from blast as is specraed
sonne!. -

145. PACKliSG AND SHIPPING. Small rochets - are P
,SSr:,nhled complete rounds in cylindrical filed fio« «"«
in turn .ro p.4ed in a xvooden box. Medium cal.ber ««*»N _
oacfced. unfuzed, in sealed fiber containers v/hich are packed * .clover
ieaf bundles or wcoden boxes. Large caliber rocket hesd. nd
motors are packed separately. Point fuzes are packed «"?•"«
vidual containers which, in turn, are packed in wcoden BO^
fuzes ,re assembled to the rocket shell, as issued,. See figures
through 135 and ORD 11 SNL S-9. ' . . j

146. 3UBCAUBER ROCKETS. As 'i. the 'case with
rounds for artillery weapons, subcaliber rockets are used for
caliber rocket launchers. •- . ," . .'..
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Section VIII

1-1-7. ( ic .NMK.VJ. , A'.l typos at '..M;>\ mines consist of a high-cxplosive
charge which is detonate!) by a .-.u<<:!i.inical cr chemical device
(known as the fuze) when actuated by vehicle or personnel. An
c::plosiv<».coiu:!inin3 adapter, known as .in activator. is used with
some riitvs so that standard Enjinc&r Corpi firing devices may be
infilled for secondary initiation, such as an'ilifting devices.

l-'8. a.A.->:.:TnCVnON. Lard mines r.re classified According to
use as antitank or antipersonnel :i!id also, ss service, practice, or
dummy.

149. METAI.UO A.VriT.A:\K MI:NKS.
a. Purpose. Antitank mines arc intended to immobilize end

destroy tracked or wheeled vehicles. Details of constrwtioii and
performance of individual mines are covered in TM 9-1940 and
performance and methods of handling are covered in FM 5-31. Land
Mines and Booby Traps.

h. Antitank mines — olilvr model*. The antitank mines M1A1 .
and M4 are cylindrical steel cases, approximately 3l/i inches high
and 3Vi inches in diameter. SHed with sbout 5V4 pounds of high
explosive. A fuze, issued separate from the mine body, is inserted
in the fuze well and held in piece by a spider. Pressure of approxi-
mately 500 pounds upon the spider by a vehicle will cause function-
ing of the fuze which detonates the explosive charge of the mine. A
safety fork assembled between the striker head of the fuze and che
fuze body prevents accidental initiation of the fuze during handling..
This safety fork must be removed to arm the fuze. The complete
round, mine and fuze, weighs approximately 10 '/a pounds.

c. Light antitank mine. A lightweight, flat, quart-sized mine (fig.
136) filled with about 3 pounds of high explosive, usually letrytol.
is intended for antitank use but it may easily be convened for anti-
personnel use. It can be detonated by a force of approximately
190 pounds on the pressure plate. A "U" shaped pressure plate fits
over the top of the mine and covers the fuze A flexible wire rope
screwed in one end of the mine serves as a carrying strop. Upon
removal of the strap, the threaded well may be used for the insertion
of a secondary fuze. The mine is rectangular in shape, approxi-
mately 7 inches long by 4 '4 inches wide by 2'/2 inches high and
weighs about 4 pounds. A number of firing devices may be used to
guard against tampering with, or removal of, this mine. The same
chemical fuze used in the heavy antitank mine is also used in this
mine.

1M

TM 9-1500
l-".K.fi '-' .•trnnit.'n/tion

&p~f—'^r^^m^
I OETCMATCR SIDE fUZE WKL

VIAL CF
CHEMICAL

BOOSTER C.KARCE
DA PO SI'370

figure 136 - light Antitank Mine M7

,1. He.*, antitank mine. The heavy antitank mine .««
-xolosive type intended primarily for use semnst tanks (T
and 138). It has . base diameter of 13 inches and a rr,a»mu»
height of 3t/4 inches and is loaded with approx,m«tely 12 "»
TOT. This mine resembles the German Tellernune ,«
The complete assembly weighs approximately 20 P0^
;ns handle is attached to the bottom of the mme
assembled to the mine body is a round pressure P»te j
diameter containing a reversible plug which covers t

The pressure plate is supported internally by c.rcu ar
spring. The chemical fuze used in this mme « nteo used .n the
light antitank mine. A force of approximately 300 poun* oy he
pLure plate is required to cause the fuze to ftmcUon. Tn» .
is not affected by stones, dirt, or moisture.

130. NONMETAU.1C ANTITANK"' MINKS.
a. Purpose. This type mine was developed as ,.. counter measure

against metallic mine detectors. • . -
h. Nonmetallic an.itank mine, This mine consistsof

complete assembly is 15 pound,-
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Figure 137 - Heavy Antitank Mine M6

lifting device for exploding the mine upon pick-up. There is no
spider on the nonmetallic mine Bs pressure on any part of the top
or the ,nme body will cause the fuze to function. A force of approxi-
mately 300 pounds on the pressure plate is required to cause the
luze to function.

151. ANTITANK PHACTICK MINES.
a. Metallic antitank practice mine. The practice metallic mine
T \ diamet« of approximately 8% inches and a maxi-

mum height of 4W inches. It is similar to the high-explosive mine
but upon activation rel-ases only a puff of white smoke. Soma lots
o tn» mine have the fillin3 ping in the top of the mine. The com-
plete round consists of three components; an empty mine
body (wruch has five 1-inch holes equally spaced around'the side),
the spider, and the fure. Practice fuzes have the striker head
painted red. 1 he mine has the same weight and function! in the
same manner as the high-explosive mine and is used for training,
u 13 cheap to manufccture and is not dangerous. The M1B1 is a
practice metallic mine and resembles the service mine except that
tne iiinng hole is in the bottom of the mine body arid that all parts
are manufactured by stamping. It is approximately 8»/« inches in .
diameter and 314 inches high. This mine is sand-filled to weight
before it is issued for use in practice.

.3
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OR PLYWOOD

PD SIM

Figure 139-Nonmefallic Antitank Mine MS

h. Nonmelallic nnlitank practice mirte. The practice non-
metall,c m.ne ,s identical with the nonmetallic service mine except
m«rt HIS t° W'th 'nert material ins«"d of high explosive and is
marked ,„ wh.te. This practice mine hns the same weight and func-

u t
6, Sam<S man"er 3S the service mine- The practice tee
*'r! ^n fUZC '" eXternal aPPeara"«- except for the

', " " initiatcd there is " dela^ °f 2 to 3 sec-
1 I •" ud "' Sm°ke !S flro<Jucetl ""d a charge is projected

eral fest mto the air where i, explodes with a flash and . loud
ori.

132. PACKING AM) MARXJW; Of AMTITAMK MIMES.
Me'I!C mi"" M1AI and M/l nre Pcckt>d in w°oden boxes,

ich contains five mines and five fuzes. The box is made
m

far. 152

of /\ninmii;//o/i

Figure I-JO - iMefa/ Cra»e ,M!53, Containing One Heavy Antitank
Mine M6, With fuze ond Arfivolor

up with a set of plywood separators. As shipped, the fuijs.are placed
in a compartment, which occupies one section at the end of the box;
the live miner-, with spiders nested to the bottoms of the mines, are
paciucl in the other five compartments. Total weight of box includ-
ing mines and fuzes is 70'/j pounds. The nonmetntlic mines are
packed in the same manner, but with four mines and.four fuiss in
a box. Each fuze is packed in a hermetically sealed container, the
fuzes being placed in a section in thi! center of the box. Total weight
of box including mines and fuzes is approximately 88'/j pounds. The
heavy mine is packed individually in a metal crate (fig. HO), the
fuze and the activator, each in a hermetically sealed can, being placed
in corners of the crate. Some mines are packed without the activa-
tor. Total weight is 30 >i pounds. The light mine is packed in a
metal box containing eight mines, eight fuzes, eight carrying handles,
and eight cloth baos. Totel weight is 56 pounds.; In this metal box,
there arc six compartments, the two outer compartments folding
four fuzes each, each fuze in a sealad container with four of the fuze*
in a carton. Each of the four central compartments contains two
mines. The carrying handles and cloth bags are laid on top of :the
contents of the box. • • : • " ' • • • - . - ' " - ' •••
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l>. The boxes cam.'.'irir.j j:r;ictii:i» mine* '*<••: painted with a blue
band around the cent?r d" »:ich box and blue cleats on .he enc'.-i of
each box. Wr.^iicn boxes of iisgh-cKoloswc mines are stained light
brown with nun lcir.!> in yellow, of, mate recently, unstained with
marking in black. Metal bo«es are painted olive drab.

1S3. ANTIPKK5ONNKI. MINES.
a. !'nr|><»«. issued antipersonnel mines :irc standardized mecha-

nisms inteiu'.et! for eiVoc: against personnel.
li. "HiMimliup" r.n'.iiMM'.-oiim'l mini*. This mine, when func-

tionef!, throws a projectile upward to a height of 4 to 0 feec. £t has
an effective indius oi nbout 30 feet. The complete assembly weighs
approximately 5 pounds The mine has the appearance of n small
mortf.r with an attached firini; device (ftp,. 141). T;:e projectile is
thrown into the air by the burning of small propelling charge of
black powdsr in the base oi the mine. The mine is painter! olive
drab on which tht markings are in black; the base is painted yellow.

•'. CaM-iron fra^nii-nlullon mine. 'This type of antipersonnel
mine resembles a brick (fig. 142). It is approximately 5% inches
high and 3'; inches square. There are three threaded wells in the
mine body, one in each of two sides and one in the end, to accom-
modate standard Corps of Engineers firing devices (fuzes). A
relatively heavy charge of TNT end thick walls produce fragmenta-
tion and blast effect. When used above the ground, the bursting
radius of this mine is greater then that of the bounding type mine;
It is painted olive drab with markings in black,

<l. Praclirr antipersonnel mine. The practice antipersonnel
mine (fig. 143) simulates the ''bounding" type antipersonnel mine;
The metal paits are the same as those used lor the service mine,
except for ;he projectile which is made of cardboard and the igtiiter
which contains a delay element to provide for a delayed functioning
of the mine four seconds,after functioning of the fu/e. 'The projec-
tile contains a spotting charge assembly which resembles a shotgun
shell with a delay element in place of the primer. In order that the
mine may be used several times, the following replacement parts are
issued:

Primer and igniter assembly.
Cap (cover).
Projectile.
Spotting? charge. " • ' . ' . •• - '•.
Propelling charge. •/• . • .

c. Packing and marking. The "bounding" antipersonnel mine is
packed complete with a firing device and a spool of steel wire in 8
corrugated paper jacket. Ten such containers are packed into a

•;sizi o - 45 -13 . Spl .'" :. _ - . . : • • • . . . . < : ' • ' ' ' ' ' ' • ' • . •
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î Piiiiâ ;̂ !!
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ol Ammunition

woodon box. wliich is stained light brown with HUM king in yellow, or '
more recently, umt.iir.ixl with marl-dug in black. The cast-iron fra?-
iiifhtnlion antipersonnel mine is parked in a wooden box containing
6 mines. 6 fuzes in individual containers, and 6 spix>ls of wire.
The practice antipersonnel mine is packed 2 m;ne bodies and 2 fuzes,
with 20 sets of replacement parts, per wooden box. The box has
markings in black, a blue center bond and blue vertical end cleats.

151. GENKHAL. Demolition materials include explosive equip-
ment intended for destruction of obstacles (by bangalore torpedoes),
fortifications (by shaped charges), special equipment (by destiurtors),
and general material (by demolition blocks). Most demolition
charges may be fired electrically by electric blasting caps or nonctac-
trically with onfety fuse and nonelectric blasting cap or delay detona-
tors. For retailed information, see KM 5-25 and TM 9-1940.

155. BANGALORE TOKPKDOES. Th? bangalore torpedo M1A1
( fig. I'M) is a tube or pipe filled with high explosive. The steel tube er
pipe is 5 feet in length and 1 '/» inches in diameter, and is grooved and
capped at each end. The tube is tilled with amatol, with about 4
inches of TNT at each end. The weight of the explosive charge is
about 9 pounds. The torpedo may be used as an explosive charge for
other demolition purposes. The bangalore torpedo M1A1 is packed
10 per kit or box which also contains 10 connecting sleeves and 1 nose
sleeve.

156. DESTRUCTORS.
a. General.
( 1 ) Destructors aro high-explosive ctmrges fired electrically or by

the action of a fuze.
(2) Destructors are for use in certain equipment to .be destroyed

when the materiel is abandoned or when there is clanger of its falling
into enemy hands. In general destructors are intended for destruc-
tion of the vital parts of the materiel by nie.ins of an explosion which
is confined wiihin the housing. Destructors may be removed from
material during normal maintenance repair.

l>. lleslnii-toi AN-Ml. This destructor (fig. 145) is a small explo-
sive container which fits a threaded adapter in certain radio equip-
ment. The head end has a screwdriver slot and is threaded for screw- -
ing into the adapter. At the opposite end is n gilding-metal case which
is separated from the head end by a plastic tube. The head end con-
tains a small cylinder of nitrocellulose and the ignition wire. The
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Figure 146 - Oeslruclor AH-fAl

metal components at each end of the unit are insulated from each
ocher. When the electrical circuit is closed, the current passes through
the ignition wire which, in turn, detonates the destructor.

>: Destructor AN-M2. This destructor (fig. 146) consists of a
simple sheet-metal platform, upon which the various electrical and
explosive components are secured. The rear and forward edges o:
the platform are curved upward and a panel is attached to the forward
edge. The whole assembly is 1V4 inches high. This destructor fits into
an opening in the enclosing box of certain equipment with which it is
us»d. When o switch is closed, the electric current causes the electric
detonators to function.

tl. Destriu-lor AN-M3A1. This dostructor (fig. 147) resembles
the destructor AN-M1 in general appearance but is much larger. It

TM 9-
Clan"' ••>• .\inmisinliiyn

CONTACT ri;-o

figure 147 — Duitructor AH-t.\3AI
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figure r 48- Destructor M4
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contains an e.ectric detonator and a
switch is closed, electric current enters the dostruc o
contact posts attached to >^ W^from ̂  ph. ^ ̂  .^
causes the detonator to expiode which, m tur , v
pellet.
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Figure IS1 - Shaped C/itrrga, 15-lb, A12M3

e. Diulriirlor M-l. This destructor (fig. MB) consists: of a 2V:-
pound block of tetiyiol mounted on an L-shaped bracket, an impact-
type- of homo tail fuze, and accessories for assembly and mounting in
3 control unit. The muin destructor assembly consist:- of an adapter,
into which the fuze fits, and the explosive block mounted on en
L-shaped sheet-metal support.

f. IVslrin lor *J5. This destructor (fig. 149) is essentially a
modification of the destructor M<t. The complete assembly weighs
approximately S'/7 pounds.

157. UKMGUTIOH EXPLOSIVES.
a. TNT utul nitroelarch. Compresse'd TNT in !/j- and 1-pound

blocks, and nitrostarch in Vi-pound blocks, are supplied for demolition
and like purposes. These may be used by themselves (with any stand-
ard firing mechanism equipped with a detonator) or in conjunciit-n
with other demolition materials. Nitrostarch is more sensitive then
TNT; hence, nitrostarch blocks should not be crushed or broken.

li. Demolition block M2. This demolition block (fig. ISO) is a
rectangular block of tctrytol, with a detonator well in each cm!. At
the outer end of each well is an adapter threaded to receive any o;
the standard firing devices. At the inner end of each well is a tetryl
pellet cast in the block to act as a booster. The demolition block is
packed in a cardboard box. 3 boxes per haversack, 2 haversacks per
box.

r. Demolition block M3. This demolition block is a rectangular
2 Vi-pound block of plastic explosive. The block consists of Compo-
sition C-3 and one block is equivalent to six '/3-pound TNT blocks.
This plastic explosive can be molded by hand into any desired shape
or position and is very efficient, due to the good contact thus obtained
combined with its high power. The demolition block is packed in a
cardboard box, 8 boxes per haversack, 2 haversacks per box.
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tl. LVntolilinn Murk .»! 1.
blork of Conipor.icion C-3 jiu
l.'lci.k Ml. The block M4 is pn, V

This iV'inohtiu!! b!cc!\ is a : !»-pounc!
ivis tlio ?;-.rne picnic ciu^litios i« ;ni,

lO'l b!oc!-:s per boy..

<:HA:«;K.S.
«. Shaped charges are explosives which arc formed into special

shapes f»r the pucppsc of focusing the detonation into a pc-iietrr.tirig
jet. Such a charge hr.s much greater penetrating capacity ibar. :•
regular block charge o( the same weight.

ti. yii:ij>i,'il <-!i:u-;.:c i.i-lli. This charge (fifc. 151) contain.; ar/prcx:-
tna'.sly 12 pounds of 50/50 pentolite in a moisture-resisting molded
fiber container. The top of the charge has a threaded cap well for
receiving sn Engineer's Special (or other standard issue) blasting cap.
Tht container extends beyond the base of the charge to hoid the
charge at the conect distance (cjlleJ ''stand-off") from the target to
obtain maximum penetration. This charge will penetrate 36 inches
of reinforced concrete. If the concrete is of greater thickness, it will
prsduee ft hole approximately 30 inches deep and 1 to 3 inches in
dioincter. This charge is packed 3 per wooden box; '1 in a C;I;TOI<. 3
cartons por wocden box: or 4 in a fiber container. 1 container per
wooden box.

t. Slinpix! charge -H}-1!>. This charge (fig. 152 ) contains approxi-
mately 30 pounds of 50/50 pentolite in a mstal container. A threaded
csp well is provided for receiving an 'Engineer's Special (or other
standard issue) blssting cup. Metai legs provide the correct stand-off
distance which must be maintained for maximum penetration. This
charge will penetrate & 60-inch concrete -.vail. The resulting hole will
be Iar;e enough to insert a standard bangalore torpedo.

ill
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ir.9. «
a. This section deals -.viih the hazards inherent in the storage.

maintenance, handling, mid imra plant transpoilnticn of ammunition.
Wl:eri5 r'.iles are given covering raleted subjects and operations, they
should be considered as general.

1». \Vhcn work is done which involves the direct exposure of explo-
sives Material to possible friction, sparks, impact, static electricity, etc..
the reiv.lalions contained in tha Onhiancii Safety Manucl should be
follou-sei. Example of such work is ammunition des;rtic;icn. The
Safety Manual covers safety in the performance of the operation and
in the typo of equipment necessary for the performance of it.

160. OENESA1. PRECAUTIONS.
y. investigation of accidents which have occurred in the handling.

shipping, and storing of explosives and ammunition indicates that. .
in mos; cases where the cause could be determined, the accident wns
due to circumstences which may be classed as controllable. Thcv-:-
fore. th'- following general safety precautions will be strictly enforced.

li. For personnel. . •
(I) Ammunition will be handled under the direct supervision of

n compe'.rnt person who understands thoroughly the hazards and risks
involved. Persons handling ammunition will be impressed with the
fact -hat their safety, as well as that of others, depends upon the intel-
ligence and care exercised by themselves and by their fellow workers.

('2) Personnel handling ammunition must not tamper with any
components or disassemble any components, unless especially author-
tied to do so. Serious accidents may result.

(3) Persons handling ammunition will clean all mud snu grit from
;he:t shoes before entering the magazine, car, boat, or vehicle in which
there are explosives or ammunition.

(-t) Appropriate protective clothing and safety equipment will be
provided and its use required. ' '. i

(5 ) Safety shois will he worn in locations where operations require
the handling of exposed explosives which may be ignited by static
discharge or where there may be exposed explosives capable of being
ignited by friction or impact. Details of types of safety shoes, con-

' ' ' ' ' • • '
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r. lit ;i:!;;ir.iHil:on h^niUii?; : .
(1) The !vjntil::i£ 01 air.n*i;niticn sr.u;!li' nlv.-r.ys i/e condu,v.>:d <r,

as to limit the number of personnel exposed and the- hazardous mats-
risl handled to as small a quantity as is practicable.

(0) SxplcEivci .ir.d iiinnv.inidor. wil l be handled carefully. B-il:-
huoks wi!! i\ot lu us.vii tiiidiT ccmiilioiis where the cunlni.-.t:: may \:t
penetratf.: by vile ho'>k or i;:ll of; t!:p itook. Contain^: r. '.vil! roi he
tumbled, drnf.x-.cl. thrown, or dropped o;< each other or rol'.ec! or '.vr.lk.jd
o'.-;r on the f;.;cr or .:irop;>."J fro::? ti-.iifcor-.rils. P..imbs equippsi waii
sliippins; !;c,n;is nif ty be rolled wUh c.-.r.-. i-opnratc-lo^dir-.E ihtll r.i.v,-
be roileri. i! .:iie lot.^tinij hand ,s protccttrx! from <:?.n'.n'i .'. Met?,! roller
conviycis ar.d trucks mr.y be used e:;c-:pt for hiKv.r.ious ;::plosiv.':r
vhich vn.'.v b.^ istivitid by suarkf. Such e.ip!c:iives should I? hiiiolec

eiilier by !..-.r.ci or '.vith 'voo.i?n or nonsprrxing conveyors.
(3) If ;::e pi?.-auiior-: prescribed herein are strictly cor.ipli.;:! J;i-;i

1:1 h'jndli;:^ sninutuition containing the ne'.s'or tvpes of rr::olcs:v->. such
as Coinpcsiticn B. pemolite, ana tstrytol, i; shouid be r.c more <!••!••
j-^ro'is than t!ie hnndlini; of ammunition londscl \vitii TMT. iiigh-
explo'.ivd items with thi.i walls and hi^h charge-weight rctio. r.'iv.'.ir?
special v.wmion '.i avoid denting ths walls. Such items must not cj
handled on cliutes or otherwise subjecie d to excessive imp:ic:.

(J) Mo rcols or equipment ?o dt.'signr.ci thnt steel or other* soar::-
p.cducin% rnetsl cr.mes in control '.vi;h oxplosive materials ' i l l ba
us«i in handlin? hazr.rdous explosives. Safety tools sre required in
box opening snd rpnair. Such tools .ire constr'Jc:eJ cf weed or ^cn-
sparlcino or sp?.rk-re»istant materinls. ;fs bronzo. le^c, boryiliun*. ^iloy.i
end IT. 3nel mecal. which, under normal conditions, will not produce
sparks.

(5) Gasoline-powered lif t trucks v/ill noc be used :"or hync'.r.ij ex-
pose:! 'rxpie.•:»•£*, ">r be used in locations wh^re expose-:! e:\picsives ^i«i
present. They must not be used in igloo magazines.

(6) Explosives and ammunition should not be exposed :o moisture
or dampness or to the direct rays of the sun for any long period. If it
is necessary to leave boxes temporarily outside of maganines .:r oars,
they should be covered wi'h a tarpaulin so placsd that ;here ;s free
circulation of air through the pile.

( 7) Ammunition will not be improvised, reconditioned, renovated,
or salvaged within the magazine area unless the sites, buildings, or cars
in which '.vor!' is c^ing done are devoted exclusively to such work and
are specifically approved. Quantity-distance requirements in chapter
3 section II; ;r.ust be observed.

(X) I:
wi|| IK -.-.tcv.

I nr fv.T.Si'it:J or

161. W
-jlrm.-'.! i:n>ort.?i:c>-:.(I) Ir:.r» prevention if. oi .... .......... . ,

Siei involving explosives -nr! .n.i::niunition c.e ptovoi-.tablc. It h •'•••
ii.iily of nil coMCtrr.iec! it! tr.-::r :-.a:-.ti!!.r.v, to r.tuviy ;!:,» c:n':,:!v> of fir'.:: suri
thoroughly iiiicini ihjmsolvt-s oi ilv? ,;. if^-ty pri^T'titicn:: xhfit •..•.'.:'.; be

•JTwrefo.^. *«*:• 'Sert v.-iK !« n-,u
=unoumiin» amrivjniiion jmi sxpl
"

tier, reni.i.n serviceable ior rnar.v years, i . . .
co-'-dit-ors. ̂ ^ives and ̂ munition .nov P'0-"^ ,̂̂  .„ blu;r
it -.nnot be dissipated, engine :he «p,o,,v9 or .mmo. ^'-
imo Onme. Wh«e rhe explosive or wnmumlion * i -r..i-*u.

- ?"I«-loMS, NOT?- ,.-
-

*«» *AFnv STAWDAIK*. The m«t """"^^tcr^nut^io, of=^rss i==i sr. ̂ H-trsri
^££&S5JS&XS^ , ̂ - -
lor.^u of .ir» from o.-e c?ersf.c:i to anot..e.. .MS..,ul-TIONs OS

• ( 4 , i** o, --^-;;^r^i--^5-u-•.VSIT-SH KEGULATIONS. The :.ic5t '-on"110" tampcrme
jl>8. carrvina notches in '-b'dde^^ar grenades or fu.es.
with explosives or ammun-Hon, part.cu^^f ^ OBSESVE TB«

(5) F.MU.RE TO "NDSSSl-AND .,;«P ^« V „„„,»*» AW

SAFliv PRHCAUT.O.NS F«K«B» J^S^We & Byta* &*•»«««•

•rr^^si^^-^r^"^asvaitin; destruction.
s is . . . ' - • . •

•'.)•.-•
•',.:'••'. .'̂ ,.:$•/:'̂ }:v''"tSlSp
: , -,V-:'.v; • 'r-: •'»'--.-• ..^:!;^;-*v;-^:

•;;-̂ ;̂̂ :̂ .< ;̂;S^^^
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.. . . : , , . - . s y . t r i ^ iron or stp.|
Vi ;;v. .•: :;....| tc^i;:. t,r !))• ii.iils in shoes st-
. • < • - ' ' ''

. . . . . . . . . . . . - : . ; . ::;:. ;on i „ , -„].,,.;, ,,,j.iVdcr o r tj.,

i:f -;:.-.i.-r i-:;.-:<..-,:v.-s -vl-.-ch :-';.-.:;.; f.-.s:.iy. This h.i:!;\;-d is the r>V-~j.'for

r-.;. •:-!:-.;-. u •,-,!:: ,.:: '-, ;,; -.. ccfj-T. <:: othvv jiijKsaarliir.g mnteriaK cl'-ir
irj; r:-ji« .-.mi (i;:: iro;:i shw; before c;ii..-riii|> miiga^ncs. and wearing
-.::' tv .r;v."> i-ppvv -I Ijy rj;,; O:i'.>f of Ordnance, whi'n cx'.xseti espl»
i:v..--r ;.;-: •;,'..-;,;;;;

i. :-..-.r>;-_ ; oi st.iiic electiicily ran L'2
.,c.i:::.;j;.,tc ! :.-.-. ., :.-::?r,r. :•:-.-:! •: •:-. .•::;-[ :siv= material inch as sir.o!:ekis
;:-. •.-..;..•:. "r;-... .J-'.-ch.-.r^i- r: ^:n:;.: clvctriciiv J5 coiMiidertfd a serious
i ' ^ / ; r j :n i!.-; p:v:rcc uf r-t:::.ii. ,-:;pc; ;t!,.| jxplotivci, diat and air
::-.:;.::•..:.;:.. :tui :!;:VirjT.ii.iJ:!...- \:.:ror-;'ir mistvres. ^recessing equipment
; ^r -/jch mnt . - i rn i s M:b;«« :o -;.i!-.: discharsc should he ekctrki>ity
•;ro-.;:-:<i-:i!: i^.icho : a:u! !i.;-;r:!Vi shculd c-j covursd with eltclHccliy
r;:oi::..;cj .:'.:-.o.-c;:v,- m.-.tc-r:.-.); .-;id personnel provided with Mlety
ri:tes ;( i'.:;h-n:z;:i types. Cushic:>od niutal chairs fhoulii not bs used
i:i kc.-.:ici::!. wi-.e:c uspicsivt-;: cr hirj'ily intianimable miteiiols ari
pr^ronr.

(3) F.MMTVE TO CONTSOL J.-.K^LV THE uss OF HEAT- .«ND FLAME-
I'^oct.;:-:;'.; ii:;;;[:'v.:::.v. Such iquipinent may be that u;td ia inain-
'.iTi.'ii-.r.-: 'j.rjrk CMS huiiCi:j(;i or lliat contnniinatcd with explosive

l.ijhiiiir.^; may strike buildings, tress, or other
ob;-:c'.r, in or i i r<jr oxplccivi; .ireas. All liuildtngs ar.d structures in
storas* :'.r>!js iho'j!;i h.'ivc ccmpii.".̂  lii^htninj protection which meets
•r.t nv.uir-.-mt-r.:* c: the Chief of Or Jnancs.

(10) Ei.ifrKic TRANSMISSION LINES. These are often blown
•jo'Ai: or co::i«.- 'in ront.ic; *:lh --oinbustiblc materials.

( 5 1 ; I.ACX CK A I'soi'EK ML'VK '..:-:.'?, or the usj of a ;nu!3er cutout
on meter vth:c!«.-scj:i C3'-'is Sr---3.

r ! ) Matclics cr ether flusnc- or spark-prcdtcinj devices will not
L-c i-trrr.iited in any magazine :ire2 or explosives area except by written
.luthcriiy of tht- commai:dins officer.

(2) Smoking is prohibii»:l in any magnzine or magoiine ?rea, or
around car:;, -v.^ons. motor trucks, or boats in which there are explo- .
sive? cr ammunition. Buildings or locations for smoking may be desiB- . ..
natfl-! outside restricted area, subject to following limitations that:- _•.;: .

Care, llnudtinft, :-.i:ti Pfswrvai.'ori

(';:_) Smoking will not be allowed in locations closer thsn 60 feet to
buildings containing fcxr.lc-sivKS, amnunivioii, or iia;eroous moteriaii

(h) 'iVindov/s and c'o:irs of buildings c!c:ri; to v.tptr.sives or a mill u-
p.ilion ari'as which ore i:\rf rr,v^<i for smoking will be fit':c'J "/ith wire
SC!C!M1S.

(c) Suitable receptack':: must be provided for i::;;rrectB nnd cigar
butts and pipeheels. ... .

(it) Only permanently installed electric lighters of iipprovod Syr**
shall be usetl in the bl;ildinL;.

(c) Hand fire cxtir.»uish<:rs, saml boxes, nn'd -.voter barrels with
buckets '.'.'ill bo fiirnished as required for asch room or building in which
snioking is permitted. Perrons whose clothing «r contaminated v/ith
explosives or other hazardous materinls will not bs permittee! in such
areas.

(3) AH fl«:ih!ip,ht of storage-battery lamps ;Js-:ci in builriinss con-
taining explosives or iiainmable vapors shall bs types approved f.s
"permissible" by the United States Eurenu of Mines or by a similarly
recognized testing laboratory for that specific type of exposure.

(4) If gasoline or -.•!ectric-pov,-ercd lift trucks are used for Irani-
porting explosives or ammunition, the requirements of the Chief of
Ordnance will be complied with.

(5) Whore it is necessary no install power transmission and service
lines in the vicinity of buildings containing explosives, the distance of
the lines from the buildings will be greater than the distance between
the poles which support the lines. This is to prevent broken wires
from hiuim> the building. Overhead transmission line must not pass
svitmn 50 ictt of the buildings. In future installation!, power lines and
services entering buildings containing explosives must be placed under-
ground within 50 feet of the building. ' . ' . ' .

(6) Vegetation in the form of grass, undergrowth, weeds, etc.,
which is or may become a fire hazard will be controlled by the uss of
chemical weed killer or by mowing, plowing, cutting, livestock grazing
or, in calm weather and with proper control, by burning. Chemical
weed killers should riot contain chlorates or other substances which
may ignite spontaneously under hot dry conditions. Burning should
not be permitted within the 50-foot space specified in the pnragiBph •
below. Brush, grass, wood, etc., in piles, will not be burned within 200
feet of a magazine. Reserve supplies of dunnage should not be st»red- ..
haphazardly inside the magazine area and in no case within the SO-foot
firebreak around the magazine. : .

(7) A firebreak at least 50 feet Wide and as free ss practicable .
from inflammable material will be maintained around each above-
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ground m-u.^ine. The earth ad-.-^nt So and CXtemlinC over i, |oo
in:t«?::nm will be clonrei! of dry debris. Firebreaks around the entire
ningazine arcn md .it c-lh,-v plsces w i t h i n the ma;..azino area, suc|, as
aio -.r; r.v.lro.n! ;;nc!-:<. will L-c- miiintaincd wherever necessary.

(3) Locomotives, trains, and other rail vehicles used in the ma
n/ine nriM will to so equipped that the communication of fire is ,*,.-
vented insofar ns prarlir.ibt*. Inspections will be made regularly to
insure th«t safe conditions are maintained.

(9) Gasoline or other highly inflammable liquids will not be used
for cleaning purposes Solvent, dry cleaning. Ftderal Specification
P-S661a (Quartermaster issuf) will be used in all crres vhcre sol-
vents of this nature are required. Dry-cleaning solvent is inflam-
mable difforins principally from gasoline in having a higher flash-point.
When handling dry-deaniiip. solvent, AR 850-20, "Precautions in
Handling Gasoline", will be ol-served in all cases. This regulation
dors not prohibit the use of trr.cdium phosphate, trichknoethyhne,
tctrachloroetharif, cr similar cleaning or decreasing substances for
cleaning op-irations. However, since many of the industrial organic
solvents have pronounced toxic properties, particularly in vapor form,
care must be taken in the selection of degressing substances and
apparatus. Adequate ventilation must be provided.

(10) Automobile parking should be regulated so that automobiles
will not be parked closer than 25 fest to buildings or fire hydrants.

(11) Ammunition boxes, containers, dunnage, and lumber must
be stacked :n an orderly manner when in the vicinity of explosives
renovation, handling, or storage operations. Stacks of such combust
ttble materials must be limited to small areas between fire breaks.
This is a means of limiting the spread of fire insofar as it is practicable
considering the available space, available means of extinguishing fire,
and the probability of fire occurring. Under average conditions, areas
under solid stacks of such materials should be limited to 1.500 square
feet separated from other similar areas by 25-foot fire breaks in which
vegetation has been cut and controlled. Bulk stacking of such mate-
rials should not be closer than 500 feet to magazines or other build-
ings containing high explosives, except that working quantities within
practicable limits may be stacked in the vicinity of explosive maga-
zines, but not closer than 50 feet. Water barrels and pails should be
liberally provided in such areas with 'which to extinguish incipient
fires.

(12) The above rules will be supplemented by such additional: .:
rules as the commanding officer deems necessary to secure adequate ;
protection against fires. • •

9-.

Cnre, Handlini, nml Preservation

il. Firi'-fipiilinp facilities
(1) A fire involving explosives or ammunition may result so

quickly in «n intense conflagration or explosion that means for
immediately nUnckir,(; the first sni.-'H b"1.;•! detected ore vitally im-
portant. Immediate use i.iurl often be mvJe of hnnd equipment. In
addition to organized pcrmniicnt facilities, thu following types of
fire-fighting equipment may be used to good advantage:

(a) Barrels and buckets filled with water, placed ut each
rr.agaHnc. If this clafs of fire-fighting equipment is p.lways inaintnined
so that it can be depended upon in case of lire, it is a velueble fire
protection. However, in the summertime the barrels must he fre-
quently refilled, and in [rearing weather calcium chloride or salt must
b« added. Buckets deteriorate rapidly unless they are frequently
painted or protected from the weather, and are blown about by wind-
storms if they are not securely fastened in place. Fastening devices
must be rcleasable at will.

(b) Uoxes and buckets filled with sand, and shovels. •
(c) During freezing weather, trucks and trailers filled with water

will require heatod storage. Provision should be made for rapid
movement of the equipment to the scene of the fire. .

(d) To combat grass or forest fires in or near the magazine areas,
there will be maintained at suitable locations an adequate supply of
gunny sacks, brooms, rakes, hoes, or other similar equipment. This
equipment should be re3Ularly inspected and protected against theft
or unauthorized use.

(2) When explosives and ammunition are being handled or work
is being done in the immediate vicinity, of such stores, there will be
present, ready for immediate use, two chemical or other type hand
fire extinguishers. It is not required that these be permanently
located in a magazine, although this should be done if practicable, but
it is required that these be in an accessible location. Serious fires
may be avoided by the prompt use of hand fire extinguishers. .They,
are required primarily for use on incipient fires in inert combustibles
such as grass, grease, oil, dunnage, etc., which if not extinguished
might reach explosives. Personnel other than the one using the
extinguisher should seek safety immediately, reporting the fire en-
route. .

(3) The water distribution system should be, protected by sec-
tional control valves so that damaged sections of the main dan be
cut off without impairing the operation of the remainder of •the,:
system. Water mains should not be, located under railroads or roads
used for conveying large quantities of explosive* or ammunition, as .a

m
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system

' ", T::.; d-::;.;5 , • juarc!;. firoti.ti). military personnel, snd others
•••••'•• :..; :'o :<i:.-.a-..;-i ti::.s .-<i .KJ-iji.at'; fire.fiijdtin;; force -.'.ill ha avei!-
•>::;c .1: :iil '.ir.-.c-s.

('.;) Fi-.j drill- SKI.! inspections -v i i l ;:e c.-irciully conducted tg
ii-ji::.- ih.v. ."r«.-;ir:l:!-n:: -'ore/;; ::r!:!.>rstnii'.i th ' ir duti« and that Hre-
f;; -.•.:;-..: .fi];:iv:nio::t fi:r.c:ior.-5 di-pt.::<-i.-tb!y miller actual worldly condi-
v.ar.r,. Frt-ti'i'.-ni!y. iicco 1:0: :e^t^-l to workii:^ pressures burst v/he.i

AHE INVOLVED.hi:>. i - IRR- j IN WH(::!1 KM'I.O.'-I

.1. Fires -.vhich may occur in buildings or niagarir.es containing
v^;;lc£ives -i--.li v.-jr;- i:i :ii:e:'.sity :IMJ iii'icct. ;!?;;e!idins on th* matcii.it
ir.vuivcfl in the !iro. Certain explcsivej will detonate cr explode
::~:ned:iitc!y o« C2:i'.;ic: *ith a sp.irk or Maine, or -vhen subjected to
:"::c:;oi-.:!i he-it or car.cussior.. Firj may or may not result from the
t:otonn!:on. S.jin:; explr.sive jucsiances may burn freely -while others
•A-ili h» lubj-.-c: to explosion -.vhi!o biirnina, or will develop such intense
hvat as in the case ci smokeless powder, iliat {ire-fighting cnoits will
be impossible, ^iri-fi^.htinj fcrci-s sliould be well scqueinted with the
ha.-.;ircs aiiii IH?S; methcds o! con-.batinj fires in ail such materials
under their protection.

It. With c?rt.-»in exceptions v/atcr -.vill be used as the fire-fighting
rcsJrjni. Genernliy speakine iarji; volumes of water spray or foj
prcdtccd by t:or;:!cs c!»5;sj:-.ec' f:>r the purpose will prove mori eff.cfcm
th*n solid strc-ams of water for extinguishing fires of an explosive
r.nture. Solid streams of -voter 21 high pressures should be used when
consider. itii-.n for ;r.e safety of !:re-:ishting persom-.el makes it impos-
sible to approach the seat of the fire. In fire-force trailing programs,
emphssis should be placed en laying ,.s many ho^e lines EJ possible,
in ord^r to surround and confine the fire.

163. f.ENEHAL INSTKliCnONS IN COMBATING FI8ES I^i-
\OLVliNC EXPLOSIVES.

a. General instructions which will be followed in combatin?, any :
Sres involving explosives and ammunition are as follows: '

TiV,
C;;re. H.ir.<J!irf>,

(1) When a guard or vuti:hKinn discovers sr.ioke comin'j from -•
c!csc;l magazine, or other svii'.tnce that n rnmjtizir.9 is n!r«, !:s will
jive the aiarn: as quickly as possible. !!c will not en'.ii iha biirninn;
building since he mny bscome trapped and be unnble to give ths
alarm. If the nie is r'Ucovsrrjc'. in the yi>M or ot'r.i* cor.ibustibie
m.iterial juncui-.ding tlic magnzir.:'. the alarm should lj« given imme-
diately and the guard should then do all that is possible, using e:;t<n-
2'Jisher?. water from nearby water br.rrels, or grass firj-figlitirg to:ls;
to extinguish or cor.trol thf.' firo until the t;.n?-ri^htin'* force? arrive.

(2) When a v/orkin.-in or other person iliscovevs a fire in A buitd-
in? where people are -A'oriting and explosives sre present, ptrsonnei
prcscut wiil be evacuated by suitable signal in accordance with pre-
arranged plans. At le.'ir.t one responsible messenger will be dispatched
in the direction from which the fire department is expected, to infoi'i:i
thsm of the nsuirc .ind extent of the fire. The officer in charge of
nr'_ ii'jhtei s vill not permit the edvance of his men to such a fire unless
!.-; i.as what he believes to be accurate information as to the existing
conditions and concludes therefrom that he is justified in doing so
(par. 165). .

(3) I'ire-nghring forces will attack a ?r:-r.-j nvc vigorously and
sndesvor to extinguish k even when it is olo.vo to a inngaziii". If ,1 fitc-
has actually gained headway in a magazine, fire-fighting forces should
?iiher combat the fire or seek the nesrest suitable protection, depend-
ing on th* type of ammunition or explosives '.vithin the magazine
(par. 165).

164 IDEfmnCA'nON OF MAGAZINES. As a means of provid-
mg a ouirie to fire-fighting forces, the'Ordnance Department -dmdet.
explosives into four groups in accordance with the general burnme
or explosive characteristics of the mate.ials and the relattve danger
encountered in fightins fires in which they are present. The four
groups ars identified bv symbol numbers 1 through 4. the hazard to
fire Aghten increasing progressive!;/ with the number^ Ordnance
regulations require that ordnance buildings contam:ng hazardo..s or
explosive materials, except igloo magazines, be plainly marked w.th
the .ymbol number (no less than 24 inches high) of the most haz«rd-
ous material contained therein, as described in paragraph 165.

IbS. FBUS HAZA11D GROUPS AW Finf KIGHTWG
CEDUKES. •

n ^vmb,,l 1. This group consists of Classes I, II. and 12
nition; metallic powders in ICC approved shipping coutamer* and
chlorates, perchlorates. peroxides, nitr^es, and other inorgamc ox.d^z-

j a i • ; . ' ' • ' . . ' • ' " '

v ̂ Mmjmmm^^^.•'.;. •'•:>Jtr1jr"-ii»<? •tf»'^St^,V'f* ;•- ;-"
: {!t^! ̂ î î'̂ fS^ î. to;!;'.



Par. 165
TM 9-1WO Pur. 1 AS

Cafe. Handling, nnd Picaervalion

i i iK nft'Mt* in sealed containers. While these materials are principally
fire har.ird* (inrl fires in which they ore involved may bo fought, minor
explosions may be expected so that extreme caution mujt be exercised
in accordance with the following: • . •

(1) SMALI,-ARMS AMMUNITION. Shipping containers of thiall-
nrm; emmunition. es;>ecinlly when tracer and incendiary rounds are
included will continue to burn fiercely even after the magazine bus
boc:i consumed. Personnel nltempling to fight the fiie after file has
reached the ammunition itself must be shielded from light hot missiles
which may be expected to travel up to 200 yards at a velocity of
s;>prcximnttly 200 feet per second. Sheet metal covered wooden
shields can be used and mnvud to various vantage pointi. When
practicable to us^ water sprny, it will be found very effective in
extinguishing nurh fires.

(2) Oxidising agent', ere not flnmmablc in themselves, but when ..
hcatec! in r< fire involving combustibles, give off oxygen which greatly
f.-icililat'.1.; tninnnr: Fin- ni;htcn should be provided with suitablo
masks to f»unrd ai^ninst poisonous fumes resulting from such fires.
Cooling or drowning with large quantities of water may serve to con-
trol or extinguish these fires, but after the fire has gained considerable
headway, fire-lighting efforts may, of necessity, bs confined to pro-
tecting adjacent property as much ns possible.

(3) CHEMICAL AMMUNITION*. For fires involving chemical ammu-
nition containing blistering agents, all fire fighters will be protected
by masl-.s anr! complete protective clothing. If practicable, such fires
will be foUQ::: from the windward side. All unprotected personnel
downwind will be evacuated and civilian inhabitants warned. Fires
involving toxic chemicals will be fouf»ht with similar precautions
except that the danger area downwind is less. Fire fighters will be
protected with suitnbls masks. In fires involviiifc HC smoke mixture-,
attempts should b-.< madn to remove a:ici segregate the buming coa-
Uiiu-rs. When a relatively small amount of HC smoke mixture is
involved in a fire, it can be "drowned" with wnter. Water will also
seive to coal td.isccnt containers to prevent further spread. Unless
water can be applied in large amounts in relation to the actual HC
smoke mixture which is exposed and burning, the efforts to fight the
fire will bo ineffective and the material may explode. Fire fighters
should not enter magazines containing a high concentration of HC
smoke unless adequately protected by oxygen masks and supplied
with life lines.

b. Symbol 2. This group consirfs of Class 3 ammunition and .
explosives.

' (l) Personnel discovering such u fire should give the ahnn and,; - ̂
attempt to put the fire out with the equipment on band, provided tteU"V;
fire is in the incipient stage. The fire-fightine organJMtion •hould^. ?,
fight the fire if there is a possibility of extinguishine it If tliis decs ;. >
not seem possible, the building should be abandoned and fire-fighting -£;y.
efforts concentrated on preventing the spread o( the fire. LijniteciM'5;
explosions may be expected from fire in these.mnlcrials. Personnel : ,
should exercise due precautions to prevent injury to'thenwirlvcs ond:
their equipment. •':•••' ; ;' .;":

;;'•:', • *,-f ''[*~(^ . . . . . .
c. ' Symliol 3.' This croup consists of Clnss 2 smokeless powder in jr :*' •'

bulk shipping containers ond Clnss 2 pyrotechnic material. V ••.".^;v'*^
- (1) Unless the fire is of a minor nature and does not irtvoive trie' fv*^
explosive itself, and there is a chonce of'controlling it/firerfigfttiiiJE: :-.^
should be confined to preventing the spread of the fire to other Imil'd-;;-,. VJ
ings. These materials burn with intense heat and personnel and/fire'; ,/^f
fighting equipment should be adequately protected. ; . " : .\ : ::,y :' '".

(2) PHOSPHORUS. In fires involving phosi>horus, personnel, en-- y^;^
teiing magazines with portable extinguishers will::liave life; linei ,;;;v;::
attached in order to be able to find their way out through the heavy ; - ; • ; ,
smoke. It should bo remembered that phosphorus will stop burningj.:.';; ;
only so long as it is under water; when exposed again .to the;air,-it ;;'
ignites spontaneously. . . • " • . ' : ' . • . ' ; • . , ' - . • . . ' . / • j-"''•'*•'"•'

(3) PYROTECHNICS. When fire involves pyrotechnics, and.;
quantities of magnesium-type incendiaries, fire fighters .should, co™™..̂ .,
efforts to protecting adjacent buildings iind magazine :̂, 'W«:ter;-.n|aî :r.p
accelerate burning and cause explosions which:iri«jr scatter.biiribinl--.;J'
material. The use of carbon dioxide and'carbon.t^Jrae
tinguishers on such fires will create poisimous:gases. > . _ _ ; _ . ,. ,;=.;. ^
involving 50 pounds or less of inngiiesium can be Mnrtfiered.Wth-drj^v^
inert mateiial which is powdered or granular, such^as nard^coal, ta^^ ,̂
pitch, graphite (prcfenibly coated to eliminate dust),'rusi '
iron borings,soft coal, talc, salt, or sand. ; Asbestos,sand, sa . , . • . . . . . . ; - . , , • - , , ,
are not inert in magnesium fires, but may be used dry if'-tlitf fce is-^ -y^
small The powder should be placed over tire burning material so a*;-.- v;V,.
to cover it to a depth of one inch or more. It should not he disturbed-;;.;-.••:,
until the maEnesiurn hns cooled except when the firo is on a.floor of,--.,; , -,
fiammnble material, in which case, after th«;6«> ̂ "̂̂ f'"̂ -̂  ^,

• layer of extinguishing powder should.be pApn_the; °
R' . . , . . i _«. _i ^*t-*\ 'frhA infiu!re and the btutimg
resinothercd.

;uishing powder should.be piit^ 6rt the:floor bwitie'th*.i-.: •:; **
nirnini;-material raked onto '.the' insulating''layer ahii'-: ;•;. i^:

• : '•••::: ^^;^'i.;.. J'-:O: :^;<r;;,rrv'V^Sf'?;:
I 4. This f-roup includes Ckssci 4i;S, 6, 7, 8,̂ /ahd';̂ '̂ /. ̂•I. iiyuihol 4. This (jroup

ammunition and explosives.. •
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(1) Every effort should IK- made to prevent a fire from reaching -
t!iis cl.iss of tn;iteri;.l. which is especially hazardous. If a fire occurs
in such B mr.giuine when personnel are present, they should attempt ,
to put Ihv firo cut with the equipment nt hand, providing it ha« not
rictUfilly rcachcfl the inn'.crial nnd there is a good chance of putting
the fire out. Otherwise, they will evacuate the magazine and take V
'.-over. If fire brciO.'s out in n magazine containing high explosive!,
firo-f:chl:iif! forces will not immediately approach the firt. • Unless '••
specific information ir, ;iv:i:lftblc cithc-r from one who was present
when the fire was discovc-ie<i or from intimate knowlcdge.of the con-
struction of the building nnd location of the explosives indicating that
it is s-ife to approach tlin'Sre, fire-fighting forces will remain a thou-
sand feet distant wh»r<? up to 50,000 pounds of high'explosives'are
involved, or proportionally greater distance up to 2,000 feet for
100,000 pounds of high explosives, until explosions have occurred,
indi?iiiing the probable destruction of the explosives present. Fire-
fishtin;; forces and their equipment must not be exposed to unneces-
sary risk where these r.mteriais arc involved. Demolition or general •-.
purpose bombs, and antitank mines nre liable to detonate en masse,
.-ird propelling charge? may explode, producing heat thnt may blister
the paint on buildings 500 feet ownv. Bulk high explosives packed in
boxes will usually bum quietly, but may detonatt. Black powder,
pholoflash bombs, smoke-less powder in bulk, and unpacked propclliag
chsrges, explode or finsh so quickly that there is no time to do any- -
tiling to save the mef.iir.inc involved. In almost every instance, the
efforts of fire fighters will be confined to preventing fire from spread-
ing to adjacent buildings or magazines. ' . • ' " ' '

166. CI.IARO PROTECTION.
u. Maga/ine-s and p.rt-as in which there are explosives and ammu-

nition will be guarded adequately at ell times. Magazine areas should
be protected by non-climbable fences, entrances to which will be
loL-!;«d unless gusrds are stationed at them. Special precautions will
be taken to guard areas which ore not protected by n suitable fence.

li. Guards, and others in charge of explosives and nnimuiiifion, will
b? thoroughly instructed in the hazards due to fire and explosions and
the safety precautions to be taken. They will be instructed that their
most important duty is to protect explosives and ammunition aj;au»t
fire. Alarms will be given with the greatest possible speed so as to
st;«rt action instantly. Serious fires find explosions hav_- been avoided
by prompt action ol firo-fighting forces. After giving the alarm;'.?""]11'.,
will cxsrt every effort to hold the fire under control until the fire-

Care. Handling and Prcserv-ation

fighting forces arrive, except that should a fire occur in a closed
magazine, they will not attempt to enter the magazine! ';•,' •.".' .-.

e. Hunters either inside or outside a magazine area who are found
using fire-arms in a manner which may endanger stores will be re-
ported. Hunters in such areas should ba warned not to shoot. • - " ' . • : . '

(I. Except under emergency conditions, guards, protecting ammu-
nition and explosives, will not be armed with rifles.' Generally, shot-
guns arc recommended for guard purposes. •• Many military.explosives
are not initiated by low velocity projectiles, but any bullet striking
explosives may cause n serious fire and/or explosion. Guards'protect-
ing explosives or ammunition will be instructed regarding the danger
of firing in the direction of a magazine. ... ;• -.. ' ••• \j . v-; ; '

e. Guards should be instructed to make a prompt report'
following: .', . ' . : • • • • ' T'-'- .;''''

(1) Any unusual occurrence in or near a magazine area. •{'_'• '••.(
(2) Grass or forest fires in areas adjacent to the magazine;area.'
(3) Dangerous practices of personnel working in magazines or

explosives areas, such as smoking, unauthorized use of fire equipment,
and tampering with ammunition or electrical equipment. ;- •...• i v~

(4) Unlocked magazines doors and shutters, defective telephone.'
and electric wires, and openings in fences surroimdirif: the'magazines:':

- Section II ; ... " . • ' • . ; . " . ^;.•„•:'•.'.';•'•;

STORAGE •/• ' - . - . • ;.. '^-;..; ' :;>.- ; : :.

167. GENERAL. " . ' " { . : . ' " - . ^;/'. > ' ^ V ' ; -
». In these general precautions, the word "magazine" is intended

to cover any space containing a supply of explosive material,- and
includes such places as un above-ground magazine, earth-covered igloo-
type magazine, railroad car, the body of a motor truck, n temporary
shelter, or a stack. : •; . . '. '

I,. Oenprnl storage regulations are contained in AR 700-10. Hegu:.
lations for ordnance estaWir.iiments .are Contained .in the Ordnance
Safety Manual (O.O. Form No. 7224), and Ordnance Department
Safety Bulletins which supplement that maniial. • Regulat.on^t.ny
instructions in this section are for Zone of Interior Class J. II and III
installations which store limited quantities bf explosives and amnuin^
tior. Larger quantities should t4 stored in; accordance with reCula-

;:^!:•:•:<''^^^'^ij.^-1^. •': •.;..:"'>
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tions prescribed for Clnss IV inst.illntions under (he control of the'
Chief of Ordnnnce. Regulations for overseas installations are con- '
tained in FM 9-f>. "Ammunition Supply", and FM 9-20, "Ordnance
Ammunition Company. Ordnnnce Ammunition Battalion." :: •

168. CKNKK.M. STOKACIC PRKCAlTIONS.
n. Explosives |..r.d ammunition should be stored in buildings

designed, designated, and isolated fcr the specific purpose. Explosives
and ammunition will not be stored in buildings which are used for
other purposes such as basements or attics of barracks, company
supply rooms, or general storehouses. When specially constructed
magazines are not available the buildings used must afford good pro-
tection a£.->in?t moisture and dampness, and have means for adequate
ventilation. They must be floored with approved material and may
not be heated by open fires or stoves- , .

\>. Ammunition should be stacked by lot number in stack;
arranged so that no obstacle is offered to free circulation of air beneath
and throughout the stack. When more than one lot is stored, all
items or containers of a lot should be stored together and the line of
separation betwetn lots clearly indicated. Lots of ammunition should
never be mixed at random. The tops of ammunition stacks should
be below'the level of the eaves to avoid the heated space directly,
beneath the roof. The bottom layer should be raised off the floor
abou: two inches. Dunnage should be level; if necessary, shims or
wedges should be used. Stacks should not be so high that ammunition
or its containers in thr lower layers will be crushed or deformed.
Partly filled boxes should be fastened securely, marked, and kept on
the top of the pile.

«•. Boxes, cases, and other containers of ammunition should be
clean find dry btfor* being stored. Ammunition containers should not.
be opened in a magazine. They should not be stored after having
been opened unless they arc securely closed, except that ammunition
i-::ri explosives in damaged containers in process of being repaired
irny be stored overnight in magazines. When it is necessary to store
ammunition and explosives overnight in damaged container!!, they
should bf separated from serviceable ammunition. Repair or change
of container will not lake place in or within 100 feet of a magazine
cor.taininc explosives.

il. Rounds or components wil l not bi- kept loo?o in a magazine.
No empty container, excess dunnage, or tools should ba permitted to
remniri in n magazine. No oily rags, paint, turpentine, etc., will bs .
left in a magazine containing ammunition or explosives. , •

Care, Hendlinf., anrf f reservation

c. Improvised ammunition such s» "Molotov Cocktails," band ••.'•''
grenades of nitrostarch, commercial fireworks intended to simulate •
ammunition, and other nonstandard devices should be prepared, in on/;v
isolated area or building free of loose explosives and waste paper or '."
other combustible material. All such work should be performed" "..,
under direct supervision of competent experienced persons. 'The
quantity of explosives present should be the minimum necessary for -
the operation, which should be carried out in conformity: with ijuan^j; .-
tity-distance and inhabited-building distance requirements for', class" '
10 ammunition given in paragraph 172. The number of persons per- .
mittcd at ot near the operations should be kept to a minimum. Whfjji;' '
a surplus of such material must be stored, under no circumstances .'.
should it be stored in n magazine with other explosives or ammunition i.
because the items are generally of substandard construction 'arid/thei'•••.;:,
explosive content may be of such a nature [Is to present a serious '
hazard in storage and handling. . , . . . . . : ' = ;-•.: ^! •

f. Inflammable liquids and ammunition should not be: stored •
together or close to each other. Ammunition should be separated by
the inhabited-building distance (par. 172) from handling or storage,
of inflammable liquids to prevent fires originating in one area spread-
ing to another. ' • ' ' . - . . ' . ' .•".';•/;;..

g. Chemical ammunition will be; stored separately, so placed that.
each container may be inspected for leaks and may be easily removed,

h. Ammunition assembled with tracer pyrotechnics,/propelling,
charges, and other ammunition items, should be stored under the best;
cover available, preferably in a building providing protection against;,
dampness and having adequate ventilation. Tracer ammunition is
subject to rapid deterioration if damp and may ignite Spontaneously,:.."

I. Truck motors should not be started while the magazine door,
is open. However, a motortruck may approach a magazine without .
the necessity of closing the magazine doors provided.therfollowing ;.
requirements are complied with: ' • • ' ' ' . , • .

(1) The motor exhaust is equipped with an effective spark- and.:,
flame-arresting device in the exhaust line. : ' ',

(2) No exposod explosive material is bring transported .or
handled. ' • • • . . ' • • ' ' . • • :

(3 ) No explosive material is located on the platform or otherwise V
. outside the magazine or truck while the engine is tunning.' " . " , . , ' .

169. OUTSIDE STORAGE. T : " • • ; ; " ; " ' ' ' • !'C
a. Outside storage of explosives and ammunition is neither"

desirable nor recommended, and must be resorted to only as HII emer^
gency expedient. When such storage must be employed, bombs and
separate-loading slioli will be pjven preference over packaged anim'u-

^•.^•"'^^-^..v.' * ••••••••• '-:•'• -^,^'



Par. 169

Care, Handling, and Preservation

Figure 153 — Igloo-type Magazine

nition. In order that outside storage of explosives and ammunition '
may be kept to a minimum, (ull advantage must be taken of the cubic
capacity of all magazines, within the limits prescribed by this manual...
When it becomes necessary to utilize outside storage within the con- •
tinental United States, it shall be in accordance with the distance .
requirements of paragraph 172. - . . ' • . •- ••

It. Sites for outdoor storage will be carefully chosen to avoid ;.
exposure to power lines. Ammunition should not be located adjacent
to reservoirs, underground water mains, electric cables, or sewer line*. .
Outdoor storage should be located where there is good surface drain- v
age. Outdoor storage shall conform to quantity-distance requirements .
for above-ground magazines.

c. The supporting timbers or platforms upon which ammunition .
is stored should be well constructed to prevent falling, sagging, and
shifting of the ammunition.

<1. Crated and packaged ammunition, smokeless powder, pyro-
technics, and bulk high explosives should not be stored outdoors.
Efforts should be made to avoid the necessity for outdoor storage of
any type of ammunition.

c. Cire will he ex?rcis;d in closing openings in loaded bombs and
other ammunition which have not baen completely assembled. Tem-
porary plugs used as closures should be set down against suitable
washers so that dirt nnd moisture cannot enter.

f. It is advisable to cover piles of bombs and shell with some type
of waterproof material to guard ngainst direct exposure to the
phcrc?, provided that adequate ventilation is fissured. •

I'vKO*-****-1 -*- • •
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figure 154 - Standard Magazine

g. Frequent inspections shall be made to locate saggingf^fitd^^cj^
to detect accumulation of trash between or under fhestado;-,.K ;̂ fî ^

170. TEMPORARY STORAGE AND,HOLpiiyC ;VAiRIW .̂:/̂ |̂
a. Temporary storage yards. In some cases, H>>^ feH^ Î̂ '

necessary to hold cars of ammunition for a period of rtore- v*̂ @ Ŝ|
hours
grou
distances
should lie grouped so that each group is-limited to
high explosive, and so that groups are separated T . . . ; . . . . . • - . - . -.•.-.;•;-v.
n minimum distance of 800 feet. If tlw full distances cannot b^o^^g-j
vided, then groups may be spaced 400 feet apart in^ all directions.y^iy
provided one or more cars of inert materials or of Small;arms:amniunt-:,; .v^iy
tion are spotted between the groups. • ; "•'. •,'_• •^•v^i;i

1,. Holding yards. The cars on the tracks are considered as.above- ̂ j;v
ground magazines. To provide flexibility of storage, yards ?hould:be;.t^<,:•;
laid out so that the trarks are 400 feet apart with a barricade.between ̂ .^
the tracks. The cars shall be in groups so that each group is limited £V;:.
to 250,000 pounds of high explosive and this distance bctwecn.Broups._ y ;,?
is 800 feet unbarricaded or 100 feet bnvricadebV v''C;-J•.;.;, V", ;p;>i?r'r?: J;^

171. MAGAZINES AND MAGAZINE•XnEAS.; /'^^'^,'•'. V;v':'g'K
,. Mnrjozlnc nrcao. It is essential mat:expiciivds and nmrminition';-;- ^

V.-j .-..„.. „„„ i^rificillv set aside, for ibcir axclusivo . ;<v.be on area «pecHk-.lly ,«* .
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mportant water
damage them

t concrete-oore, w o o e n - a r c e , ear-cover -. •• :.v.
more permanent type of construction-(fig. 153), exposed .rH:,£^%;f|ipS
tions of these temporary structures should be coyertd.witK ?-V'f?^p^^fe«

as sheet rock,- asbestos,-at. a comparable Ztfi'^j
be made to cover as much as^p^asjsible'o^^jHj'^
-- .1— -:j— _r .f.A.i-!M~L ^tfc'^^k ;£?t£:'jM'3

It. Mngaz
constructcd, and located with special attention''
rials to be stored therein and should comply with the fol
requirements:

(1) Magazines should
event of an explosion, will
Magazines should not be located
of the possible transmission of shock wave to excessive distance*, •;;V?«&^8jiff

(2 ) Magazines should be fireproof unless the nature of the iiazard ?¥Vs|'M|
permits the use of a frame building covered with Bre-resistant'inateV.-- ;^S
rial such as corrugated sheet asbestos. Where it has been necessary';.' 'V:;;-;'
to construct concrete-floored, wooden-arched, earth-covered igloos in:.'
lieu of the
wooden port
a fire-resistant material such
product. Provision should
the front and rear, as well as the sides, of t
nn extra precaution. With this type
should be taken to prevent seepage of moisture

(3) Each magazine should be provided
should be screened against sparks.

(4) All doors should be made to fit tightly so as to
sparks, dust, end dirt, and should be fire-resistant. •. •, -; • ' • ' : • v:J^

(5) Magazines should be built on weli-<lraine4 ground. V a
(6) Magazines must be located so as to be accessible to adequate;

transportation facilities. ' ' . " " - ' : • " • .;.-
(7) Magazines must be protected against lightning by an efficient -

lichtninR protection system. Details and specifications: of lightning ,
protection systems prescribed for ordnance establish'ments are.con;- ;'
tained in drawings prepared by the Ordnance Department. •' . . ' • . ' " ' : • : ' .

c. New construction. The construction o( new buildings or niag- /
azines for the storage of explosives and am'munit'ienvwiii be in accord' .
once with dinwings and specificatidhs for magozines prcpafeil by the •

'•^i'-^(^^^-'^'^^m

. . - . . . • • • . ,. .,r. • .. •••' yv,-;';-j'-.v-., ;«;.'-S."?; .;V7.; J-.V-V.-. '^Sxfif^l':'^^:'. >'•-v'-1 ; ?•;•': "'"••••"• \C-i-'',''^•;'- ;•/:;••.'•• •*•' i v ' ; - - . •''•-:^-'": :-Mt
;;.^ '̂;^-^: ^^fe^:---v ;- •"•^••:- .,•^•^•1^.•

ventilators which-;':•£^^jjSgg^
•' ••'-•; ; '. •"•-.-';"•:;»~:-'-4i: :-^M"ii?ii• : . - . • .,::.•,--' i.::;.*̂ -̂ -̂ }!

is to seal against ̂ '"^WMf
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Ordnance Department Lay-out plnns for proposed magazine areas
and their location on a resen'.ition must be approved by the Chief of
Ordnance. ...

d. Arrangement of mnga/.inc?. In arranging the storage of haz-
ardous material in above-ground (not concrete igloo-type) magazines,
the following general principles should be followed as guides for
preventing the spread of damage throughout an entire area in case of
a fire or explosion in one part of the area;

(1) Smokeless powder or other materials which may become
hazardous if the buildings in which they are stored are damaged or
demolished, or which may be ignited or exploded by burning or ex-
ploding missiles, should be stored at inhabited-building distances
from high-explosives and ammunition magazines.

(2) Bulk high explosives or bombs should be stored so they will
be protected from missiles which may be thrown from ammunition
magazines as a result of explosions. This principle requires that a
magazine in which bulk explosive is stored be at missile distance from
n magazine in which ammunition is stored.

(3) In applying the principles set forth in (1) and (2) above,
magazines situated between areas in which ammunition, high ex-
plosives, or smokeless powder are stored may be used for the storage
of such other material as will minimize the danger of fires or explosives
progressing from area to area (fig. ISS).

e. Care mid maintenance of magazine*. Regular inspection will '
be made of each magazine and magazine area to sec if repairs ire
needed, and to insure that the general safety regulations set forth in
this manual, particularly those which refer to the cleanliness of mag-
azines and elimination of fire hazards, are strictly observed. , .

(1) To insure continuous and reliable protection, lightning pro-
tection systems should be inspected not less than twice a year. Once
yearly, each system should be tested electrically. Guidance for the
tests and the equipment with which to make them may be obtained
from the Office of the Chief of Ordnance.

(2) Hoofs must be maintained in the best possible condition and
ventilators screened against sparks. There, must bs no unprotected
openings around the foundation and no cracks in the walls. Doois.
must be tight and sparkproof.

(3) Interiors of magazines must be clean. Paint, oil, gasoline,
waste, racs, and other such extraneous inflammable material should
not be left ia magazines.

Cnre, Handling, and Preservation

• (4) Floors must be free of grit nnd such stains as those
by exuding shell or dynamite. Exudate from shell should be removed..•fi^iifi
by scrubbing with hot water. Exudnte or bily stain from:dynaniilteX. .!'5iv*fJ
must be removed by scrubbing with .hot water, acetone, or •'-**-—• -A "&'v*S<£
suitable solvents. . -.;,• ' ., • '.•''":•'\t--;. - /.-..j.;.-{i v?!̂ **

(5) The 50-foot firebreak must be kept free ' ' " .'.: . ifii\"^ii
materials. Fire-fighting equipment such as water'
boxes must be kept full and ready for use. .

(6) Magazines must be kept locked, except
necessary operations or inspection. ' • _ . • •• . .-, ., :;-.-, j :j-f i - i *yi»t#ta

(7) When open, a magazine must be in the personal care! ofah ''••'•..'S^sJUI
officer or other responsible person other than the nearest sentr

(8) Keys must be under the supervision of the individual n
sible for them.

(9) When leaving
tions must make sure

(10) A magnz
Form No.
it will

No. 5991, must be posted in every magazine, positioned so that '.̂ V '̂̂ feSHw'
I be conspicuous to all working personnel inside.'- , . ' . ; • .: / -V. .--i''-0.'iS'̂ *l!

f. Repairs to magazines. Magazines will-be repaired under. t;j'^«?i
direct supervision of a competent person who will decide whethtSr..qr.;^:.:;!''si
not the contents of the magazines are to be removed while r
made. Under normal conditions,'roofs^; lightning rods,̂  v
doors, etc., may be rnpaired, and minor repairs may be!
interior'of the magazine without removing the contents. Ttiii does
nol apply to magazines containing bulk explosives. . When magazines ' 'A^y.')S^
are repaired, the general safety precautions set'forth in this, manual ';-wM>> "-'
will be complied with. In addition, the following special>e%uiatioris K
will be observed:

(1) Work will be done by careful, experienced .workmen. • •;':.;''?,'_•
(2) The floor in the vicinity of the work will ba swept'and any;-:

stains scrubbed with hot water. : . ; •'• i" : .
(3) No work requiring soldering, melting of nsphalt, or use

blowtorch will be done in a magazine containing explosives or
nition. . • . . . . • ' • ' . ; ' . - " . • • ; : . \ : > . v : ' - . .

(4) No repairs will be made to the interior of a-maguzine
taining bulk explosives until oil explosives have been remoyed:andth?;'.'.;••.;
interior washed with water. . ' . , : . . : ' • ' : : . . ' i V ^.'V,,

(5) All persons should be. searebod-. for-matches before being'-;|.;
iiliowcd to enter any magazine.

I O- 48 - IS
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(6) All magazines should b<- carefully sw
a,, tools shou,d * removed

172. QUANTITY-UISTANCE CLASSKS AM) TABLES, j '

a. To reduce to a minimum the hazards and risks due to fire and '
explosion, these regulations prescribe: ;'•'•• >'• -

(1) The distances which will be maintained between magazines at.
military establishments and public highways, public buildings, public
railways, and inhabited buildings.

(2) The distances that will he maintained between magazines.
(3) The maximum quantity that will be permitted in any one -

magazine.

li. These precautions not only protect persons and property in the
territory adjacent to military establishments, but also reduce to «
minimum the possibility of any explosion involving large masses of
explosives and ammunition, and limit the quantity of military supplies
that may be lost in any one explosion.

(1) In time of war, military requirements may make full com-
pliance with safety regulations especially difficult. Since the purpose
of the regulations is to reduce to a minimum the losses of personnel
and military stores, and to maintain the full utility of military estab- •.
lishm?nts, the compliance with explosives and ammunition regulations
is considered highly important in war time.

(2) In time of peace, the quantity-distance tables set forth below
will he strictly complied with except when subject to reductions under
special conditions as indicated below and in case of existing emplace-
ment magazines at harbor-defens? installations. Such harbor-defense
magazines may be used for the storage of ammunition pertaining to

• the armament of the emplacement and not in excess of its war reserve
allowance. Magazines of emplacements from which the armament
has bi;en removed or has bnconie obsolete may be used for the storage
of any class of ammunition and explosives, provided the quantity-
distance tables are complied with.

(3) Buildings nt military establishments where personnel are
regularly located will bt placed at inhabited-building distances from
rnsjazinos except when the buildings arc used for operations incident
to the maguzine area.

TM 9-1900
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c. The distances specified in these tables offer protection'Bi
structural damage and most missiles.

magazines, but upon the missile hazard
involved in one explosion. The s
under the following special conditions

(1) In storage of classes 8. 9, and 10 items,•wKen^ai'lnagaam.Ht'^^^'^
effectively barricaded or screened from other buildings, magazines -̂'-.:' l'-f?'̂ '|
railway, and highway, the distances may be reduced oiKf-half. ;Effe^'ii:;:'-"?^/f^&-
tiv» screening can be obtained by utilizing natural •features, of ;tK*';::-.iv^5S
ground or by an artificial barricade at least 4 feet frorn'thii magazine,?:'$&£&
at least 3 feet thick at the top, at least high enough so that the straight 5jr-"''
line extended from the top of the side wall of tlie magazine to'the top!--?,
of the barricade will pass above any part of a building to be protected, .
and at least 12 feet above any public highway or public-railway.
Artificial barricades should consist of earth or sand fill, with.hot more ''
than IS percent of stones on ground, which should pass tlirqugh 1-inch>,;;
openings. . . •_•'.. f.J.. •" .'•' -;: ':'",'-f^:'J:',$'''^-\-Ti

(2) Magazines of standard earth-covered concrete-itch.type ;;.'•>{
(igloo type), and emplacement magazines,' are consideredI barHcaded ><; •''•
on all sides except that of the entrance, which side may be barricaded;
if local conditions require. • • , . • - ; : . : : - . . . • , ' ?

(3) Harbor defense emplacement magazines in a group, being
separated from each other by substantial .dividing walls, need nof
comply with the intermagazine distances. . However, each magazine,:
as a unit, must comply with the table distances for inhabited building, •
public highway, and public railway. . . . - ;.- .V

(4) Where the construction of the magazine is such es effectually i

...——-.,.,. „, cii i i i i ivii iuiuii *.isiiipvii<;iii:» iti uic lauci magazine, coiisiaercu

as class 9 instead of the distance prescribed for the class stored.. Such,
majnzinos are the standard earth-covered concrete-arch type' (igloo;,
type) and emplacement magazines. The quantity to be considered
will be the total quantity to be stored in the magazine 'except; where
specific cases are cxcepled in step (S), below.. •: .- ;

(S) SPECIAL REQUIREMENTS KOR SPECIFIC CLASSES OF AMMUNI-
TION. When ammunition of Classes 6 and 7 are stored in igloo maga-
zines in accordance with Ordnance drawings, the aisle.width-«;not.-
sufficient to preclude mass detonation. Therefore, quantity-distance ;.
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requirements for Cl'Jssts 6 and 7 when so stored including the max-
imum permitted in each magazine, shall be those prescribed for
Classes 9 and 10. In above-ground storage magazines, the quantity-
distance tables for ammunition and ammunition components ol Classes
6 and 7 are based on the assumption that on initiation mass detona-
tions will not occur, and that the detonation at any one instant will
be limited to the amount contained in one stack and that the missile
distance is the controlling consideration. Ammunition of Class 6
stored in above-ground magazines shall be spaced in stacks contain-
ing not over 5,000 pounds of explosives each, with stacks spaced at a
minimum of 2 feet apart. Ammunition of Class 7 stored in above-
ground magazines shall be placed in stacks continuing not more than
15,000 pounds of explosives each and spaced in accordance with Ord-
nance Drawing 19--I8-12. See figures 156, 157, and 158. If stacking
requirements are not satisfied in the storage of Classes 6 and 7 mate-
rial, it will be nssunit-d that, on initiation, all ammunition in one
magazine will dcton.-ite en masse and that the quantity-distance re-
quirements, including the maximum permitted in each magazine.
Khali be those prescribed for Classes 9 and 10.

(1. Definitions. Terms used in the following tables are definedas follows:

(1) INHABITED BUILDING. Any building or structure occupied
in whole or in part as a habitation for human beings, where people

136
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Storage of Separate-loading Projectile,
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Cere, /fciK/finrf, one/

!>.r'.' cr'.'usionic-tl lo ass^nblo, both within and ontoio'e of GovtfiiPlent
estr>.hliihnic-".ts. Ifowevrr, buildiiiRs oil Gov--ri:Mii."it mi/ib'teb-KKife
in which people ate nT,'il»rly engaged iri opi'rr.tions which require
the loi.T.tion of such buildings in ttia nmg.izinc- area, nmy he placed in
nci.-ordnncc- with intrnpl.int or niagazinc-to-ina[;0?iiM- dislnrices. I.oiicl
limits or bo-jadnricr. of military reservations will be considered.pos7

sible sites of inhabited buildings. "•'...',•: .':•-•
(?.) PUIII.IC RAILWAY. Any steam, elcctri'.-, or other rnilrof.d>bich •

carries passengers lor Lire. ' ,.

(3 ) PUBLIC HIGHWAY. Any strett, alley, rof.d, or navifable stream'
open to the use of the general public. . - ;

(4) NAVIC.ADLE STRFAM. A Ixjdy of water cnpnbln of extcii-iive
navigation by tugs, barges, or larger vessels. ;

(.'i) NKAREST MAGAZINES. The nearost magazines containing e;f-
plosiv<:3 or ammunition. The amount of explosives or ainmujntiori
permitied to be stored in'a rnognzinc can sometimes be increnscd'lf •
the nearest i;in;;nzinos are filled with inert materials, thus gre'ntly;-
increasing the distances to the nearest magazines containing explosives
or ammunition. .' '•

(6) MAXIMUM PERMITTED. The largest amount of explosivesi or
ammunition permitted to be stored in a magazine even if it is more
isolated than the tables prescribe. It is imperative thnt the loss of .
military supplies be kept to an absolute minimum. •:••'•. .'.. ...

(7) STHUCTURAL DAMAGE. The serious weakening or displace-
ment of foundations 01 brick or stone supporting walls or the breaking;
of wooden main supporting members in outside or inside, walls. .••NoV.'
readily reparable damage such as broken glass or loosened plaster, is
considered structural ilomtge. .-• :,;.; •

r. Explosi^-e content. The explosive content of ammunition or. '
components is shown in the technical manuals for each caliber and :
type of gun, on ordnance drawings, and in ORD 11 SNL/a;.it such v :

information is not available, it should be requested from the Chief oif :

Ordnance. The quantities shown in the following tables were com-.-',
puted a s follows: . . . ' • • ' : . . . • '

(1) SMOKELESS POWDER. The quantities in pounds are the net.;
weights of the powder in the boxes or in the propelling charged ;^;:v.';

(2) PYROTECHNICS. The quantities are based on the net weight;:'';
of the illuininant or explosive composition.. • : "* '-i^ ;'- .:•

(3) SEPARATE-LOADING AND UNFIXED SHELL AND- "BOMBs.̂ "Tne; :
quantities are computed by taking the net weight of explosive, in the
charge of one shell and multiplying by the number of shell or bombj
in the magazine. . ' . . ' • . : '••••• •• •••:'•• .v ' ';-i'V ;V
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FlXKI) AMMUNITION. Tl;!» qiirii'tity ij the nef \vr;i;;ht of ii.e
iit^h-explosive cimr«e in ilio shell iiittlr.pli'jii by the number of rnuniit.
Tlw smokeless powder propelling charge is so much k-js hftzardous
that it is not iiKlu.itd in the computation for this cl.-'Sj i>l ammunition.

(5) ROCKET:!. The <|imntity to be considered for quantity-distance
purposc-s is tho weight of the hi[<h explosive in the head (shell) plus
the weight of the propelling charge in the motor. If then: is a detona-
tion of thr: explosive in the head, the propelling chr.rge may be ex-
pected to detonate as well. For classilic;ition of rocket motors refer
to subparagrnph f (4).

f. Classes of explosives ::nd nmmiiMilion. The grouping of
explosives and ammunition into cl.'isses listnd below docs net imply
that the items in a particulai class are to be stored together but means
merely thnt the hazards involved rrs similar for all items in the same
das* The items which may be stored together on one magazine arc
set forth in the Combination Storage Chart, paragraph 173. The
maximum cimount of explosives permitted in any location is the top
limit for the distance specified. However, the quantity may be exces-
sive for any particular case und^i conditions surrounding the individual
operations. Therefore, it is mandatory that local limits be established
in amount no greater than those consistent with continuous and
efficient operation. Operations and personnel v/ill be so arranged
consistent with continuous efficiency as to constitute the smallest
personnel exposure to any one explosion hazard. When military
explosives and ammunition are packed in accordance with the provi-
sions of War Department drawings and specifications, they mcy be
grouped, according to the degree of hazard involved, into the following;
classes:

(1) Cl.ASs 1. Smalt-arm ammunition including 20-rnm, except HE
and HE-I rounds; mechanical time fuzes n-ithdut boosters; AT practice
grenade; Engineer Corps combination, pull, pressure, and retef.se firing
devices; thermit; miner's safety fuse; /use lighten Ml end M2. This
class is principally a fire hazard. No quantity limit is placed on storage
of materials in this class.

(2) CLASS 2. Single-base multiperfornted smokeless powder ol
weh thickness greater than 0.019 inch; chemical ammunition contain-
ing phosphorus (except complete rounds); thermite and similar burn-
ing compositions; illuminating, flare, or signal compositions which
have been consolidated in the final press operations so that no ex-
plosive material is exposed; 60-mm and 81 -nun mortar illuminating
shell. These materials mny become unsafe under extreme conditions
of moisture, high temperature, or age. They burn with intense heat,
but usually do not form dangerotM missiles or generate pressures
which will cause serious structural damage to adjacent magazines.

MO
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V;!: TAB'.E ' .
Sn.ofcr/rs* rr.-.vdrr ir, cc.'*M»iers (it. bo'i-s. powder c*r.T, carfr/o'-fo !.tr*t.i(j
i :'>, ofc. .); ;>/rofri-/.f:rV? ( /oiZnoft' l); ct.sntir.al itmminiliGli conf.-vn'ri.;!
f/Vtsp/.cr-.rj (ixccitt ^onivi-.'^ fount's); or tf0-rm,l &nj SI-vim i^ofi.r

MUHfllY' irot.'tliitl MINIMUM V:{S.\-XICA?[0 QI!1A!>CV Ml Ff!l

O...

100

1.000

5,00>)
10,000
20.000
30,000
40,000
50,000
(0,000
70.000
10,000
90,000

1 1,0. 000
200.000
300,000
•100,000

100
1,000
5,000

10,000
30.000
10,000
40,000
50,000
60,000
70.000
80,000
90,000

100.000
100,000

M«l Ovel

1.000
5.000

10.00)
20.000
JO.COO
'•0,000
50,000
64,000
70,000
80.000
90.000

100.000
200.000
300.000
400.000
500.000*

Lihalilltd
B.IIJiiO

7S
US
150
190
215
235
250
>60
2,0
280
J95
3CO
375
450
525
600

••Alii
tallnay

75
113
150
150
215
235.
250
261
J70
280
295
300

• 175
450
S25
600

r.ci',
HV.»,y

It '
115
150
190
215
S35
950
260
ZTO
21»
J"5
300
375
4iO

»?

too
Srjto&c/ejs powder in hulk (ttot in conr.i/niir*)

1.004
5.000

10.000
20,000
30,000 •
40,000
50,000
60.000
70.000
to.ooo
90.000

100,000
200,000
3DO.OOO'

100
ISO
200
250 '
2«S
310
330
345
360
375
390
400
500
600

100
154
JOO
250
2*5
310
330
345
360

. 375
390
400
sod
600

100
ISO
3CO

• 2fa
285

- 310
3M
345.
:eo

. 3's
3!0
400

' ' 5M
MO

JO
• 7S
I0«

: 125
145
155
165
175 '
185
190
195
200 .
250
SCO
350
400

'&>
•.IS ,
100

'JSO »

'For ttoraf.o of Cla» 2 pyrotechnic! and pyrotechnic inxtariatt, tin fellowur, Biatrea 'apply
under tb« condition! given: . : •

<*> liluminatint. Bar* or lifnal rompotftfon* woteh have t«*n eoejolidated In 'the .fcwJ .
¥«« oimationi and arc !o elc-Md tbat no exptaihra material t» erpoieo. And.toilrUiy;:pgrc-. •
tc.-hnic!, «erpt Claw 9 materiel, that hava te*o boted and ara rtadr tor fhlpmcot, may. a* .
*tor«f at one-half of tlia C!au 2 diit«nc«». • .- .. .T : . , - ' " " - , - . ' ' , • •

(tr> In qu.nliliei (torn IOO to 500 pound. iahaWtad buildin. pylvJe r.U-«y, and publte •
hithway diiiuic?* are SO laati ma«»tina diitnoca u 3S feet. ' ': .; . : .. • : .' :':'

fc) Total quantity.of pyrot*i.-Bn4c or pyrotaehelc oiateriah at any fin* l&eatfea.-flnoaHf .
not cxce«d 50.000 pound* and mult not afcaad 20O.OOO poucdt. • ; ' . • ' * : • . * ' ' . ' . • ' '

••For Morafa b> itatidard Ifloo nuxathm, pratoilxd dhtancaii may ba b«l»~) from afl lidM \
•xt«pt t)i« door end. • .'. ':'-. :' ':•' .'•' • I -,"•

<Ma>kniini quaittitr permitted it any oaa location (except pyralniaitl aiit' pyfotMKatei.'
material*). - •. . . : ' . ! ' : . ,• '':' ' ,:.; , " • ' . ; ' ' ' . . '

•Whea neccnary. 60mm >od ll-mm morUr NkoritKnlnc dieH may be Uored wllk C1.X 4
Itenif. . , . • ' ' : ' • ; • • . ; • • • • : ' - . • - '
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Cr.'.SS 3. /.// loaded {mas cxcnni luxes conla<t>inf. UK loaded
mstfrs; AT prfltf/o> mines containing :. smoke c.*i?yrfo; and miilhry

piimera. Tliesc usually explode progivsMvoly, not nwo thwn a box
or Wo at a time. Pressures which will cause structure! cl.imagc to
adJRcent magazine:; usually arc not generated. Missiles arc small ond
light, und usually (all v.iiliin 100 yaids.

_• ___ _ ClASS 3. QUA_NTITY-plSrAMCE TABU
OUANTITY irO'JtiDS of EWOSIVII

——

N.I Oy.r

SO

200

1.000

10.000'

MINIMUM UKoAltlCAOED DISTA
lnh«hilad
tvlldlns

400

400

400

400

!>«bll<
loil.rar

400

.400

400

400

Net IN Fill f«c
f»UI,

l«fli.'<ir
«0

•too
•4CO

••00

M HIA*:I;

/lis"i'«

CO

100

ISO

300
'For storac* in ttandnrd i|loo niacartnel. pfcicnbfd dUtuncef m»y be halved Item all ;:.Ici

*stca?< the dcor end.
•Maximum quantity permitted M meiy one Ic-ration.

(4) CLASS 4. When flacked in accordance with orcfnpiicc draw-
ings and sjiscilicaHons: Filed and semifixed artillery smmirnitio.-i in-
cluding 20-mm HE-1 (complete rouiids), with all types ol prrrjectilf-s
excei.i penlolite loaded sliell; light mortar ammunition (8l-mm find
smaller); grenades, including practice grenade Mk 3; antipersonnel
mine M2; blank ammunition tor cannon; rocket ammunition assem
bled in.complete rounds, except those with HE-loaded heads but in-
cluding 45-inch TNT-tosded rocket T22, and rocket motors (see foot-
nofe;. Class 4 Quantity-Distance Table. Items in this class usually
explode progressively, only a few boxes at a time', and many explo-
sions of individual rounds are of low order. Pressures which will
cause structural damage to adjacent magazines usually arc not gener-
ated Most missiles will (all within 200 yards. This class includes
all fixed and semifixed chemical shell (complete rounds) for artillery
except that quantity limitation does not apply. It also includes 76-mm
and 3-inch illuminating projectile, complete rounds. Although 60-mm
and 81-min mortar illuminating shell ore Class 2 items, they may be
stored with Class 4 items when necessary.

(5) CLASS 5. Separate-loading shell, lostled with explosive D,
end all calibers ot shell not assembled to or packed with cartridge
cases. These usually explode, one shell at a time and, in nearly all
cases, with low order. The missiles are limited as to number and
range, and most of them fall within 400 yards.

(6) CLASS 6. Fuzes containing HE-loaded boosters, adapter-
boosters, packed separately in boxes. These items usually explode
progressively by stacks. Structural damage caused by the pressures
is usually limited to adjacent magazines. Missiles are light and usu-
ally fall within 200 yards.

. WJ
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ClASS 4. OUAM7ITY-filSTANCfi TABIH
OUAHTI1T IPOONOS

;xrto>ivn
M»O>«

so
500

1.000

10.000
500.000'

_MIHIMUrt IHW.MKAOIO I>IW««I IN rtif fffc'l HIUVn>>>
~~ "" ~~~ ~~

1.5'JO
1,200 .

1,100

l.JOO . . '

1.500

1.100

l.JOO

1.300

1.200

1.100

1,100

1.300

1,700

tn3C«rin«t, pt«vrib*d dii!.tn<ci iriy le hitvvd from ^11 t'.de*

'C!?»t 4 r^c'tetl with ir.otcrs a<mnbl<*J to loadrd or urlooocd hcnjt, »hov!<I r.ot l» ifcrad'ln
t.t.uve-xiour.n msgarinei locMtd at Jen than the foltowjn( n.'.wiU ct'.tji>:»< Irc.n tl:t llttr/1

~* . MINIMUM MISSILE DISTANCE

Pub.it: Kailv^y

P il.lic Hifl.*«y

M«»imum flifhl r»ni« e,f rocket tr 4.310 f<NI. wt.kiv.

60% of irulmum fli(M r*ne* »f r«!cet or 2.590 hit, wii
•v?.- it l*s» - ; • -• - . - • - '•

30% of im-xfmont flitht f»nit« *l rocVel or 1,300 fcrt,

CLASS 5. QUANTITY-DISTANCE TABIH

1.000
25,000

650,000"

F I mOSIVCI MINIMUM UNlAttKAOaO OUTAHCI IN lEit MOM N«A«<n

l*r.«bl»<l
««IWI.,

1,200

1,200

1,200

rvb«.
«oll.,.r

1,200

1.200

1,200 .

T-AO,
Wil««y.

1,200

1,200 '

1,260

M.onl.il :

' 100, V
200

• .100

r *to*M« in ttandftrd ffloo C
t th* door end].

•xjtnum quxnlity frrmitted fit tmy m« location.

CLASS 6. QUANTITY-DISTANCE TABLE
QUANTITY1 IFOUNOS OP f mOS IVtl

M.I O..J

so"
200

5,000
100,000'

VII MINIMUM UHIAMICADCD DKVKCI IN f tit KOH Nf All)!'

Inbokltad
•uildiat

240

240

1,500

1,500

rS.Ml<
»oM»>T

140

140

900

900

rvblk
l»al»oy

;o
TO

4SO

•ISO

Meoatha

«0 .

100 '

100
300 _;•

1Wh«n it«ma of this <!**» «* itorad ia toner*** Woo :n*t*ftin*t. th* qiMnl.ty-
quifemtntK of C**H 9. bulk •xpbMlvei'. will lovrm, ««c.pt th»t &o ditU-XN IM. tt*n oc*^h»lf
th* dUiiac* pmcHttW In thb table fof.CI.tu 6 krnii iir* wtbcrUtJ. ; (t>« ^uulity; of '
*xplo«.v.> mttcrl*! (iv«a In p*r*fr*,|ib 172 * (5) ftuy b« used wlwn in »bov«-fround m*e».l.i*».;,.
If th* m*l*ri«l U iUcfcnl »nd •ccir*f*.t*d In •ccetdMK*. with Ordaftiw* d(«wlnf»..'- '.•:'<'; :;• '•:•*•'

Tor tlorata In •t*f>d>rJ Ifloo ffiMfl-^fl**, prrvcrfb*4 diftMtc*. may t* h-Jrrf from tiil Mu\
•xcept rtit door cod.- ' ' : ' - - - - ; : ' _ ' " . • " ' • . . '*• " ' . ' j , ' • . . : " ' • • ;

>M*jB.num quMtlty oennlttvd at wiy ott« tacitta*. : . . . •
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(7) C'tASS 7. Seixir&tc-lotyling HE shell of r.ll c-?W/>ei-B, crccnt
shell fonder/ wi'.'h explosive /'. All ii! n magtuiiic may pxolodc but
the «p!o:ion may b3 limited to one pile by cr ranging the material
in nccoidfince with instructions for piling se]>Hrate-loi:c'ii>i; shell given
in paragraph 172 c (S). Structural damage usunlly is lirr.itu! to
adjuccnt buildings. Most missiles will fall within 500 yiirds.

CIA5S 7. OUAHTITY-DISTANCE VABIS
OUAHI ITT1 IrOUNDf OF fmOSIVf >

H.I Or.,

15,000

5CO.OOO'

MIMIMl'54 C'N3
l.,l,,,k-,l.4
l»IMin<

1.300

1.300

A:nc»in OIIT/.MCE IM fut
r.blu
;.llv,.r
1.300
1,300

?.M<
»l»s..,,

1.800
1,800

ROM MI*M1|:

1 M>9«lm

900

300

*Wfctti ium* of ttrii clou rr» itorod in com rut* itfan nia^ariti'.-*, thr miontity f!i-.t*cc-» r-<
qtiirntniM's of Clou 9, tnitk t*pk-*ivn, will eovtnt, except th»t no dUtarc*; lot* Oum oro-hntf
U>« Hbuinc* |,T*K.ib*d in thii tnclo for Clnn 7 items -r« authorised. Yh* quantity comitltf c j
vriH ba in nccotdftnc* with p«f*t[*f>h iJ2 « (5)» *h*n sucked *nd pr.if•*'!>' i*f;*|Med IB
*bov«-fvownd r.taf »inL>i.

*?» itcr*t* in itundu4 ifc!oo'n«i;irin*i, prt^ciitxH diitanc** nuy t>4 hnlvcd ftora ill tide*
except th« dcor *nd.

'Maximum q-x-ir.tity permitted H *ny on* tacptiun. W!>*n niac^iinvi v/ith iiitximum cap>lct-
lie* i»b<l»nti4jly l«n than thl» quantity >r« in U!« or 1o txr intt*l!«d( reduced diitnncm may IM
cbtnioed from ih« Office rf the C&ef of Ordnaore.

(8) CLASS 3. Prmwr percussion elements, detonators, primer*
detonators tor bombs, detonating cfemenfs, .vicf blostmg ceps, pecked
in accordance wiV/i ordnance drawings. AH the? contents of a maga-
zine may explode at one time. However, as the total amount ot ex-
plosives is sin nil and not closely confined, structural damage usually
is limited to adjacent .magazines. Light missiles of very limited range
are formed.

CLASS S. OUANTITY-DI5TANCH TABU
Ul'ANTITV M•ouNoiot emoiivii

Hip O vir

_______ _

J.OOO*
5,000

10.000

15,000

10,000'

MINIMUM UNIAItlCJIOCD DlfTAHCI IH IIII »IOM HIAKIP

bjtebllt4
•wlUing

980

1,200

1.500

1.610

1.740

fvbll,
>.il».r

590

720

900

970

1,040

FMblk
Hl;h.ar

300

360

450

490

520

M««.ili»

300

300

300

300

300

*Fot ittr«f< in Ilindvd Ijloo nxirino. |>r«»ib«l di>tuie« nxy t» h.lv.d Irom ill inlet
txe.pt 111. 4o-»r end. DIIIMK.I to •bov«-cra<in*l mn|.rinci may b. rr4ue«1 OrtJ li»l( by u»«

ri.fr, In Uu UbU lor CUn *Tcr qiustiUn !<„ Oui> 3.000 po.mli of nploiiy.,
4 OHM 10 MplcnvM may b> iu«d.
•Muinuo 4iuntily |»nni»«l it toy ou. loatioi..

1*4

Vm «M'..

(9) CLASS 9. #u/fc tir'nn'mf, initiating, ami
Jijj'i' povtdn; p!mtofliv.h ccr.i:>f.si</oii; di-tnnlition LltKks;
dKioi:.~.tin3 coitl; spotting c/.-r.r/Jes; b/nck poiviter; dynamite; Mk 3
F.eries vHenive hn/K/ (Jru.ni>c/«; (cose pyrt>ttf.hnic mftcrials baforc .
firisf contolidntiojt, except thi'iin-lte fnd o'tter slmv bin-ninft incetnlipxy
coinpounds (7oofno<c' C/n«» 9 Quantity-Distance Tnh'.c); KC bluiu'c-
fire-fjowder containing less </wn JO jierccnf :»r»<cr; rjiiickmntclt;
double-base smojcelesi powclar. <iti</ sinHlv-base smokeless pawrlor'u-iiif ?

we/j tliicl'.ncfs /ess (lien 0.0/9 inch. H.-.plosivcs in this group'indiic!*; :
Ic-^d axicle, sncrcury fulminate, PETN. ppntolite, ncirytr.l, KDX. Corn-
position A, Composition B, Composition B-2, Compositicii C, Compo-
sition C-2, torpcx, «nd rnixtuies of niasncsiiim and black powder. •: If
more tlian 2,500 pounds of lead azide, mercury fulminate, or P.ETN
arc to b'_ stored in a single mngazine, special pfrrmiM'Oti rniist lie ob- :'
taint.-d from tlie office of the Chief of Ordnance. In a fire, black
powder burns with explosive rnpidity; high explosives may burn,or-
explode depending upon the material, quantity; and decree of confine-
ment. - . ' " ' ' • ' , - " ' .

(10) CLASS 10. Demolition, fragmentation, • itxl photoSash
bombs; bombs loaded with Comp. B and tritonal; bangalore torp&liies;
tori>eilv warheads; HE antitank mines; antipersonnel mine?. M3; •.
HE-loaclcd AT grenades; HE 4.2-imti mottar shell; Livens tilt'shell:;
bursters /or cnemicnl shell or -faohiba; nuxiliary boosters; HE -rjKwter";

aniniiiniVion (larger than 81-mm); HE rocket slieU with or yvitlicut •
moiors assembled thereto, except 4.5-incli TffT-'/oatfed racket T22;-
arul fixed and semifixed artillery ammunition coniaiAin^.psntolHe,''
assembled as complete rounds (footnote *, Classes 9 and 10 Quantity-'-'-
Distance Table). All the contents of a magazine may explode at one -;,
time. If this happens, structural damage caused by tlie pressure ,
generated is not likely to occur at the distance given in the;'tabled;
Most missiles will fall well within these distances. When fraEmenta-
tion bombs arc concerned, distances specified in Classes 9 nn«t 10
table will not be less than the distances as stated in the Class ^ Q«ian-.
tity-Distance Table, but may be one-rmlf the "distance!as stated in the;.
Class 4 table when stored in concrete igloo magazines, eicept^from.-
the door end. ' : ": • ' ;•. '"; '.-•';;. ' •'.-,':,'• ' r'-;-'-1'-'.-?*':-:'- .'•••

(11 ) CLASS 11. Chemical ammunition CAcept compteA'rounds'
and thai containing white p/rosp/ioros.. Cherhicnl .shell, bombs, ;Aiid
grcnatlcs - : - ; t l i e ' ( 'n6nce . -p^ i l^enV j . 8re . ' .ho t
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I'm. T/S

ClASSES '] AMU

roiKOsoF fxriusivti |;

10
25
SO

100
200
300
400
500
600
700
too
900

l.COO
1.500
1.000
3.000
4.000
5.000
6.000
7.000
1.000
9,000

10.000
15.000
10.000
35,000
10.000
35.000
40,000
45.000
50,000
$5.000
60.000
65,000
70,000
75.00J
(0,000
15.000
90,000
95.000

100.000
115.000
150.000
175.000
200,000
235.000

10. OUANVITY-DISTAMCG TAUIE

DM UtlCACIICAOCO OIIIAIKt IM fill I

900
1.000
t.SOO
2,000
3.UOO
4,000
5,000
6,000
7,000
8.000
9.000

10,000
15.000
20,000
35.000
30,000
35.004
40.000
45.000
50.000
55.000
60,000
65.000
70.000
75,000
110,000
85.000
90,000
95.000

100.000
115,000
150,000
175.000
200.000
225,000
250,000'

i 15
145
145
240
390
510
640
710

, 800
860
9>0
980

1,020
,120
.200
.320
.420
.500
.560
.610
,660
,700
.740

1.S90
2.010
2.ISO
2.320
2,450
2.570
2.690 .
2.810
2.920
3.030
3.130
3.220
3.310
3.390
3,460
3.520
3.SSO
3,630
3.750
3.870
3.980
4.090
4.200
4.310

r«Uie
Iu.l,,o,

'For itoiift at O»| 9 and 10 pyrotechnici or py.-ol.chnk mal.Kpl,. tin total quantity of
uiirdout nuttrUI at any „„. loeitlon thxiM not mend 50.000 inundi and nutt not <«<«l
200.000 pound*. .

•For .lot.,. In .t.nd.rj i,loo .•»(»«„„, p,«,ciih.!d Jilt-no-, nt.y b. h.lrtd from .11 »id«
S1.>nfc.d.i" """'' D"<"":" ta •b<"'«-«">»»'l ™««iiiinaa may ba nductd to on. rail by »M

"Maumum pcnnitlxl at any ona local ion.
II rockm nth moloi. a»,mblad lo ah.ll »( nllrj m l̂h hiih «.plo,iv. ar. Kend In «bov«-

tr«nid nu(,riim. lh« in.ic.ilnn .hould b. itpocainl (com aach oth.r by Cl.» 4 d.,tant«.
inr lo«d«l rock<u wltli loaded motori asKitiblcd to ikall «• d«l(nat«d Clau 10 imnHisi-

"•' 11* . ."

O/i. l!ain!l:n!},uiitl Pieservntk-n

considered to be an explosive hazard, and no limit Iivs been 'placed
on this typ;? of amr.mnitkn :t:; far 63 quantity distance limits nro
coticrrncd. However, storage must comply with the rotjuirerncniJ of
puriitf.rr.ph IV'I nnd the Combination Storage Ch-irt, paragraph 173.

(13) CLASS 12. Explosives inch as ammonium nitrite, DNT,
and wet fitfroccfJii/o:?. These materials are insensitive and can he .
detonated only by very slionj; initiation. -When stored in an explo;';
sivcs nrea where there is « possibility that explosives may be projected
into th'-m, they will be stored in accordance with the regulations for
Class 9 explosives. When stored in an area of fire hflzanjUj only ohcl
separated by inhabited-building distances from areas containing ex-
plosives or ammunition, these materiaU may be stored in accordance
with the regulations for smokeless powder (see Class 2 Quantity-.
Distance Table). . . . : , . '

p. Quniitity-DiMiiiirc table for liill-iidc magazine*., This table
applies to magazines so constructed that they are covered by. earth
nt least to the highest point reached by explosives stored within them, •
and separated from each other by continuous ground in such manned
that the level of the separating material does not fall below the lino
joining the highest points reached by explosives stored within adjacent
magazines. • - . .."

tlUAMTlIT Of HIGH II?OflVI( .

UH p«««4l v« l«l- .

20.000 .
30.000
40.000
50.000
60,000
70.000 .
80,000
90,000

100,000
125.000
150,000
175.000 • ' ' - ' .
loo.ooo :
250,000

DISIAKCI

tta I..IP

; 100
110
120

. 130 .
• ' 135 ;;.:.';•

' 140 :
145
159
155
165

. 175
' 185 '

190
200

LOCATION

Inh.bllad Bulldln,

Public F-Hw.T

Public Hi«hw»y

'MINIMUMMissiLEj>raTAi«:E : i"- :_'- - ' ' ; '' :
:M«lmum«i.*.>.it.W..cl.« or 4JI» l»t. v,bkhW«i U;l.i.̂  •;,'

M \̂t ri.,̂ .™"tWfZ*.. if '«*«< « M^^^*1^

rihfi ol'rotlc.t or .1.300 fait,. ;*!*•'•'/PubHc rl*«kway' .- I 3O% of maxlnuitia fllfht rahco Of ro»« 01 ,i,w.vv ».̂ . ......
' ' I •- «y«t.li l«»«:- - ' '-" .; ' V .;- ' .. •; :-'':i'- .:• '. ' :.

>Kor .totai. of «i>\l and wnituMl .itlllojy •ntmumtlo* cont.̂ ioj r«MoUt>. Cl«a » ud W i
auantllr dld.nm ipplr >>c«o( that -dhuncn lot than IKoM (ppliabK to Cliw 4 ahHmuol-.•'
Hoo «!• not •utboriied.. ; : ' - : - > .' ....-.- :: .'.-'. :,: :• .: .. ;.<•;'.'. i;:f. - y'.~,':; •'.-'';',

":''••: "'-' ':-;''' - •' ' • r : : 147'.:.'-:v".'.•./•:'-';:'-.: ']>•:.• £•.•&¥?>?££.• • • • ' ' • • - • - J ".',•.'•--»"::. .It :.'i:

vv^JJSS^-a]

'',:^-Wfc)!m
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tul.l.:.

[ ! Ml?.-

O."
...
II?
7J
sn

: ••)
JO")
::o
!'.•«

S'K>
750

i.-..;o
1 '-O'.
!.•:!•)
}.<!•'.•)

1.000
s.ctq
4. SCO
T.OCH)
i.003
9.M-)

:o.coo
li.SW
15. MO
i:.soo
:o.oco
JS.OCfl
JO.OOO
Jj.OCO
40.0CO
i 5.000
50.0PO
55.0W
i'J.vW
65.01J
ra.ooo
:s.o!0
iO.CCO
IS.OOO
w.oco
4S.'jO(i

100.C04
li5.0«W
150.000
irs.ced
140.000
715.000

."i-ir/'.-' .'".'1.1. 'IT.'.'""""LI i ...—— —
»
50

IM

40
60
SO

.-':•) , ico
.v:-j ; uo
•'-.I I UU

• so.)
.;s»
i.MO

140
100
1.10

1.500 ; ISO

l.OOJ I J7.0
3 .<!>.« | J'-O

J.Ol'O ! .')!i>
5,000 3CO
S.COi! ; 3:0
7.C-JO j J<0
K.OOO
•i.OCK)

IO.COO
13.500
IS.I-IO
I7.501)
10.0W
7S.OOO
30.CCO
3S.C-M

JO.'JOO
*S.OI/|)
50.000
55.0CO
40.000

ji>0
JM>
400
410
ISO
470
490
5.10
5«0
540
C50
«.
660
6SO
700

liS.WO j T20
ro.oco T40
75.000
so.cai;
S5.COO
90.090
95.000

100.COO
IJ5.00')
1 50.000

ITi.OOO
700,000
315.000
150.000

7JO
7i!0
• 90
goo
810
mo
soo
950

I.COO
1.050
1.100
1.150

•V ;<plo .̂« « ii«'m ***'* "*» hi«'« "!*>«»•••«•

11*

TM i'ur. T/3

Cure,

173. COMIJINATION (MIXKI))' STORACK OF
AND KXP1-OSIVKS AT J'O.STS. r.ABH'8, APil) ;

a. The following table nmt ch-irt show the r.ui.ur.iiition and explo-
sives which may be stored together at posts,-camps, ami stations. All
items in a group may be stored together. Where an """ appears at
the intersection of a horizontal row and a vertical column all items
in the two groups may be siorod together. Where on "6" r.ppoars Kt
the intersections of a horizontal row mid a vertical column nil iteins
in trore r*o groups may b? stored together if the total explosives
coiiient of the items of the two groups stored together in one mr.£o-
zine or revetment does not exceed 1000 pounds. .

I). Mixed storage its permitted by this tnblc and churl, does not
authorize violation of the quantity-distance tables for the storage' cif
ammunition a:id explosives at posts, camps, and stations. -Where Hyb'
or more quantity-distance classes of ammunition arid explosives are
stored together in o rmigazine or revetment the intcrmogazino dis-
lartft; and safety distances to inhabited buildings, public railways, and
public highways shall be those specified for the most hazardous class
of material stored therein. .

v. l.rmipe. Ammunition and explosives arc classified into groups
as follows and shown in the Combination Sitorage Chart below:

I. CARTRIDGES FOR SMALL ARMS AND OTHER SIMILAR CAR-':'
TRIOGES EXCEPT THOSE WITH-EXPLOSIVE BUI.Li6.TS: Included .
are ball; tracer, armor-piercing, incendiary, armor-piercing-.,
incendiary, blank, frangible, gallery practice, guard, high-;
pressure test, and subcaliber: cartridges, calibers-.22 to .60'..'
inclusive; 20-mm cartridges, armor-piercing, ball,, arid prac- .
tice; shotgun cartridges; grenade propelling cartridges, trench '-,
and field moi-tars ignition cartridges, blank cartridges for
mininture bombs, and cartfiidlgcj for bomb cluster-adapters,-
when-stored separately froin the complete rounds of which!;
they are components; and cartridges'packed with! grenade^
projection adapters. ' . • . '

II. MILITARY PYROTECHNICS: Included are all types of aircraft
and ground signals, flares, arid light*. ; '•' ; • . ;.'

III. SMOKE AMMONITIOM EXCEPT THAT UJADED Vvmi .WP;: ;:Ih-;;
eluded are all fixed, semifixed, arid separate-loading shell*',
mortar shell,1 grenades, rockets, bombs,/smoke'_ppts, and::
drums, and.containers filled with HQ, FSt;FM,,and ?*lOTe<l.
smoke mixtures. '. ': •'" -'. . ' • ' - ' • . : •'••; ';,• '.;>-. -.'-•- :'•'•' •.. "•'•. ,-.i .-','f.f

IV. INCENDIARY ^AMMUNITION : ?Incl'u<
and rockets.

:lurled are bombs,' grenBdeV

' '*4»;':?i'-' * •' "."-.-. •..^.-';;Sv"^-;';:''
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TM 9-1900

Care, f/nndling. and

^and^gl^^?!
s, and bombs, U^4Vv?V'«

V. WP AMMUNITION: Included arc fixed, semifixed
rate-loading shell, mortar shell, grenades, rockets, Mhd

'•'.•• loaded with white phosphorus.
VI. CHEMICAI

separate-!
bombs,
A-2,CK. E-l. P-l, CN, CN-DM, DM, NC, and CI cneYnfcaiG);vW ;
compositions. . - , . : . ' . ..; :,••'.">•"• ;;'."S;v: .i^'':i--'X:

VII. SEPARATE-LOADING PROPELLING'CHAROKS AND i
LENT POWDERS: Included arc propelling charge*
4.5-inch to 16-inch inclusive, bulk propellent
classes, mortar increments, and other propelling
packed separately from the complete rounds
charges of which they are a component.

•VIII. FUZES, PRIMERS, BOOSTERS, AND BURSTERS
adapters, adapter-boosters, fuzes .(ell types'
detonators, 'detonators, blasting caps, percussion'.-
structors, and bursters.

IX. FIXED AMD SEMIFIXED AMMUNITION, EXCEPT SMOKE,
DIARY, WP, AND CHEMICAL: Included are .higrHbxpteshr*,', .-'."

fnr!udi»d

explosive bullets. •, ' % "
X. MORTAR AMMUNITION UP TO AND

INCH) AND II/.N1> AND RIFLE CRKNABES
CENDIARY, WP, AND CHKMICAL: Included ore hichixplosivo,;;;- '-';";Ni:-̂ !-l|̂ ^S
illuminating, and pint lice' ammunition; antitank, offensive;-;';, i:;Jv;;?<''.;,j' [KiK
frRgrnentation, nnd practice :liand and rifle gfenadesj-Biid;'..;' '•"'• y* " -1-1 .'-™*!*f'
grenade kils. . ' . . ' . . . ' - ' - •• '.': . .'•,

XI. ROCKETS, EXCEPT SMOKE, INCENDIARY, WP, AND cilBMicAL::.;
Included aix' high-oxpIosivK, higliWxplosivc-atititank, illumi:.
nating, tar(;ot, and practice rochets; motors nnd all-loafled'.'.
components for rockets. - . . • . •. > ,;.'. .- •-;- :

XII. LAND MINES, KKAQMENTATIOM Bf>MBS (Fuzsn),-Auo MOirtViR.;X •
SIIRLL 105-7-IM AH') LARCKP., EXCEPT .SMOKE, WfytXtOVCSf, .
WP, AND CHRMICAI.: Included are antitank, antipersonnel, . '
ami practice mines (with '.. fiiais); . frogiTientation • ix>inl)» :
(fsircxl); bomb'cliislvrs, liigli-exolosivo.ond.p'ra^licc-; »i"l <"gH ..:
explosive and practice, niortiir. shall. '• '. . ,

XIII. SUKkRATE-LOADING P*>.IIiCTII.5S, KXCBPT Wl'; SMOKE -AND • .
-, crinor-piercini

^"•^'^^^m&m^^mm;:.:;^::''̂ /•Î ^g^^^^?^s•
•:.(:«.

^^
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Care. {Inndling.aiift Preservation

deck-piercing, and Illuminating shell, and shrapnel for cal-
ibers 4.S-inch to 16-inch, inclusive.

XIV. BOMBS, DEPTH CHARGES. A R R I A I . MIKES AND AERIAL TOR-
PEDOES EXCEPT SMOKE, INCENDIARY. WP, AND CHEMICAL: In-
cludetl are demolition, genera! purpose, armor-piercing, semi-
armor-piercing, high capacity, light case, and leaflet bombs;
depth charges: aerial mines; and aerial torpedoes.

XV. DEMOLITION MATERINLS AND BULK EXPLOSIVES: Included
arc bulk TNT, buik explosive "D," plastic explosives, demoli-
tion blocks, nitrostnreh, crntering explosives, bangalore tor-
pedoes, shnprd charges, snake charges, primacord and cor-
dcau dctonant.

XVI. DYKAMITE, ALL TYPES.
XVII. BLANK AMMUNITION FOR CANNON, SPOTTING CHARGES,

SMOKE PUFF CHARGES. BULK BLACK POWDER: Included arc
nil components loaded with black powder (except fuzes)
packed separately from the complete rounds of which they
nre components: and all fireworks including simulated gre-
nades, dago bombs, firecrackers, etc.

XVIII. PHOTOFI.ASH BOMBS AND PHOTOFI.ASH POWDER.

17!. STORAGE OF SPI-CIFIC TV!»ES.
a. I" I nek powder. Black powder in bulk, saluting, practice-bomb,

and smoke-puff charges should be stored in dry and, if practicable,
bulletproof mneaxines. Rlack frowdcr will never be handled or stored
ir. a barracks, general supply room, inhabited building, or any build-
ing heated by stove; or open lit-.:*. In a magazine containing bteck
powder, cxplosives-o;>eratio;ii safety (nonsparkin") shoes v,'ill bs
worn, and no work will be done olher than that involved in the actu.'.l
storage and removal o;' the powder from the containers and the re-
incvHl of spilled grains. The floor of the building in which such
operations as repacking of bl-'ick pov.'rfor is performed should bo cov-
ered w«h n tarpaulin or <:anv:<s. B!;ick powder dot-s not deteriorate
in storage if kept i*ry. Cont;iim.>rs of saluting, practice, and smoke-
pufl charges are s;orcd with tops up. Containers of black pQvcbr
should bo carefully exM'nined at the time of receipt for \veak spots
C'.id holts, with itjocMJ atlonlmn to examination for small holes, such
as nail punctures, which are not iimnedir.t'jly evident. Damaged con-
tainers nre not repaired: their coniems aro transferred to serviceable
li-.ums. Coiid'jn^Ci.l nioisiurc may rust the container or corrode Ihs •
cnp. V,'iien conS'iiniv.s are printed, ca|>s replaced, or contents ttan-i-
ferrnd, l\if followini; conditions must prevail:

(1) ' The work will Lit- tloiv at l-:.ist 100 foot from any magazine
com eming explosives cr ammunition. ;. •

.TM 9-1900 For. 1/4
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(2) If any powder is spilled, work will stop until the-spillage is
carefully taken up and the spot washed with .water. The powder
taken up will be destroyed by dumping in.'water.' • • ; . / . . - ' ; : ' • ' ' . '

(3) If tools are required to open a container, only safety tools
will be used, und the operator will be protected by a bmricade arid
the work will be done in strict compliance with instructions issued for
this purpose by the Chief of Ordnance. . . '/• ; :,. : • . . '

(4) The quantity of powder in the vicinity of operations will be
kept to a minimum. • • . - - . ' • • ' ' '

(5) Special care will be observed to sec that all information
marked on the original container is reproduced when repainting the
old container or transferring the contents to a new container.-"'•'•.;:' '.'!-.••'<..

(6) Empty black powder containers will be thoroughly washed,
out with water. ; - • ' ' - ." . - ' ' ; '

li. Hi{:h explosives—TNT. explosive'!), leiryl, triton hJoefcf.
These are stable in storage and require only protection from:moisture";
and, if practicable, from rifle bullets. They are stored in wax .paper-
lined wooden boxes. In handling loos? explosives of this class, ex-
plosives-operations safety (nonsparking) shoes should be worn. • Non-
sparking tools should be used in opening boxes. Broken containers;
may be rcpaiied or contents transferred only at a distance of 100
feet from a magazine containing explosives'or ammunition.' -; - . : * - / .

c. Dyn.-uiiite. Dynamite'is sensitive to neat (md shock. ; It should •:
be stored in fireproof, bulletproof magazines. Nonsparking.tools -will'
be used in opening cases. Empty containers that have been used/lor'
dynamite will be destroyed by- burning. Oily stains of nitroglycerm.
will br scrubbed up with a solution consisting of V4 gallon of water,;
Vt gallon of wood p.lcoliol, and 2 pounds of sodium siilfite or potas-.,
slum sulfue. Store casts of dynamite initially right side up, so car-
tridges will lit flat. However, in Older to eliminate the possibility of
exudntioii of nhroglyccrin from the cartridges, it will be necessary to.
turn the cases, hasrid on average storage tempf:ratures, in accordance
with the following: ' ' . " • • " ' " ' \ ' :;'

Av-tni)c Sloiuij1 tcmp<-relwio

Relow 30" F. . . . . . . . . ; . ' ,
30 to f > 0 = K ' . . .
60tpVS' 'K. - ' . - . . ... .'.-

, Over 7.1;"F .. . . . .........

The fii;:'. turninc will result in th« cascr \x\nr, bottom side lip', V(:ith
the cartridges still in ;i hrniwntai.position.i Fi-bzon dynamitj will not
be turned. Where definite knowledge fls to (he composition of Hie
dynamite is available, stmight anifiioninin'nitrnte dynamites need liot
be tnrneil. ' . ' . .

.'• ssi ' - . . - :. .•..•- '' ''

Intctvnl b«twefrl* Turningf

.:.-.. Do not turn

. . . . . . . . S ix weeks
. . . . . . One month.

.. . . . . . . Two weeks
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(I. Bulk smoki-IrM |iowil«r nnil sr|mrnle-lo»fliii{r propelling
rhurpes. • ...'/.". '•

(1) These should be stored insofar us practicable in magazines ~
which arc well-ventilated p.nd dry. Since smokeless powder is princi. '
pally a fire hazard, a well-vcnlilalcd frame structure covered with " ' • '
corrugated sheet asbestos and bull! on well-drained ground may be :. '-•
used. Such buildings are often more easily kept dry than. fireproof '
magazines. Bulk smokeless powder is packed in nil steel or in metal-. '
lined wooden boxes, which arc stored on their sides with dunnage ;
enough to insure free circulation of air through all parts of the pile.' -

(2) The method of storing propelling charges in fiber or metal •'
containers and bulk powder in boxes is shown on ordnance drawings..
When containers of charges 10 inches in caliber and over nre stored [•'
on their sides, provision must b? made to prevent the weight of tlic
upper layers crushing the containers in the lower.

(3) Boxes, crates, bundles, and containers should be stored so
that the covers can be readily inspected or removed nnd so that the
containers msj b° sirtcsted in storage.

(4) Magazines in which smokeless powder if stored should be. .
equipped with a maximum-minimum thermometer which should be .
read daily or as often as necessary. If the temperature exceeds
100: F for 7A hours or 85' F for 72 hours, the magazine should be

by westing down thi exterior with water or by opening the
doors ami ventilators at night and closing them in the morning. If •
thii fails to reduce th? temperature, the Commanding Officer will
deckle whether the stores are to be removed to another magazine.
When magazines arc cooled by such ventilation at night, effective "-
measures will he taki'n to protect against fire ant", to close the doors
in case of ruin.

(5) Smokeless powder, in bulk or in separate-loading charges, is • :
always packed in airtight containers. It is important that such con-
tainers remain nirtigfiV until the powder is used. When n shipment
is received, every container is given a visual inspection to sec thut it
i". not dnmaged and thr.t the cover is in good condition and tight.

(fi) r/K'tnl containers for propelling charges nre fitted with a test
hole and plug in t'ne co\>vr so that they can b*? tested for airtiffhtuess
afior the ccmtainers have b?cn opened and closed. Kvery container
in which a propelling chnrtjo is stored will ba sirtestftvl when received
and whenever i! is rubiect to handling thai might cause it to leak.
The testing sho'jH 'r-y done wilh p. testing set similar to the cartridge-'
si :'rH(>c-ca<;e. testing st: Ml. 24-12-2. However, a motor-driven air .
compressor will not b: tiikon into a fii«j;a/iiie in which explosives or.
ii'nimiiMiion nre ston-d. If ihe cornpri-r.sor is driven by A gasoline
motor, tho motor should \j^ placed r.o closer than 75 fuct to the
inag:i:irK> or a:iy explosive nmierial. A pressure of .T to 5 pounds 13 :

.. . ' - • - , . ' • • . ;,.:>• •':"• '•.• :'• '\: :':i",V:'", 7''' •'"'.• •-•" ":->:•••::• 'V: -: • '
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used and if no drop in pressure is observed in one.' minute it may'-bs .'; ̂ ylî '̂î SiK
assumed the case is not leaking. •• •'• * . ,: ' •:. . .-.;-•.• -.?;_ ^:-':^: ; • ^V'tJ ','•' r*^J^S^w

odor of
leaky contai
contents
container show evidence of dampness or moisture,
gated and reported to the Service Command or depa
officer. Leaks due to covers or gaskets may

One- of the first evidences of dangerous deterio
the acid odor of nitrous fumes in place
of alcohol-ether. The odor of decomposing
istic that it should not be mistaken. ,. t,': . ' . - . , , • > ; ' ; . : • iMrf&T?i(

(9) Fiber containers of separate-loading propelling charges.-'-are ;.. -v j3!-:! *
not usually opened unless they arc -damaged; .then'-the'-.;charge;is if ;.'•'* "
transferred to. a serviceable mctnl container. ; Fiber

Care1 must be-talccn';;- ..frVi^ • vjSsW
eh«svc:r containers art!'.•".-..''I'-.'-.'.'-"•'!"'V
• - • ; •;-'-^,^^&>Kj&

not repaired. " -• - ;:: • ' . . ; '
(10) Metal containers may.rust. They may

must be removed from the magazine to-do So.:
to reproduce faithfully the original markings whenever containers' 3
repainted or changed.

(11) Some fine-grain smokeless powders are almost as sensitive
as black powder nnd equal precautions should be observed/.The
principal safety measure in re«ard to smokeless powder, .however,' is:
the careful watch for deterioration. •• - ". •' • ••'••' ;. ' . V

c. Siu:ill-:iriiM iniiiiiiiniliuii. . ' ^
(1) Small-nuns ammunition may be stored in ony rnasaiiiiR

warehouse which offers good protection against tha weather. When
magazine spncc ir. limitrd. it may ba stored in a ?eneral y/ar<-liouse
by partitioning or screening off a section for its exclusive ilse. This
refers to small-.-irins ammunition only and not to oilier typ'-s with
which il'nuiv be stored in o inaf.asi.iie. - Good pfoiectkin ag.-iinst. .
moisture and'hif.1: rnnpernture should be provided. '.Krsc. veiitil.;,rion ;
of all parts of th<: pile should he insured, •dunnage' being use-) where ;
necessary Skvlirhts aivl. windows near piles should be shaded so thai
nniinonition will' not b=- expos.-d to direct.s'unli«ht. Care .shcul.l .he.
tak?ii to avoid pilini; iiinr.iunilion near steiim pipes. ^Small arms sun-

'^•;;^;;;';'.-':--
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Figure 120 — Packing Box for Ground Flares

float, nose down, in the water and emit smoke and flame from a hole
in the tail for as long as 17 minutes, serving as a reference point for
air navigation at night.

128. SLICK MARKER. This item (fig. 115),is used to produce a
persistent slick for reference points on the water. It contains a
fluorescent dye in a paper composition case which shatters upon im-
pact with the water and forms a slick which may be visible for 10
miles at 3,000 feet altitude.
129. SMOKE GRENADES. Both white and colored smoke grenades
may be used for signaling. (See chapter 2, section II.)
130. GROUND TYPE FLARES.

a. Airport flares are used on the ground to provide illumination
for airplane landings at emergency fields or in case of power failure
at airports.
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munition packed in boxes fitted with airtight metal liners should not
have these liners opened until the ammunition "15 about to be used.
When only a part of a box is us-.-rt the remaining ammunition in the-
box should be protected against unauthorized handling and use by
firmly fastening the cover in place. Serviceable ammunition turned
in by troops should not be stored in open boxes. It should be re-
packed for storing and reissued at the first opportunity, provided it
can be identified by lot number. If it cannot be identified by lot, it
automatically becomes grade 3 with certain exceptions and should
be disposed of in accordance with directions in WD SB 9-AMM 4.

(2) Tracer and shotgun ammunition should always be stored
under the best cover available, preferably in a building providing
protection against dampness and having adequate ventilation.

f. Kixi*il mill .-rmili\<-(l nninii l i i i l i ini . |>rrn:i<lrs. milipcrsumu-1
mines, mill morlar s-lu-ll.

(1) These may be stored in any magazine with good protection
from the weather but preferably in fireproof or fire resistant maga-
zines to reduce to a minimum the danger of fire or explosion. Mos;
of the standard boxes and bundles in which this type of ammunition
is packed are provided with cleats and those that are not may be
piled with dunnage to insure free circulation of air. Except small-
arms ammunition, fixed ammunition is usually packed in individual
fib?r containers which, arc- Then packed in bundles of three containers.
If the ammunition is not removed from these sealed containers until
it is used, it should remain in good condition. Serviceable rounds
which have been removed from their containers, such as those turned '
in by troops, should be placed in containers which should -thsn b;
scaled with friction tape and shellac before they are ag:iin placed in
storage. This procedure will protect the round against deterioration
mid the primer against accidental blows.

(2) Assembly of fu.'.es to unfuzed items is forbidden within 100
feet of a magazine containing explosives or ammunition.

(3) It is sound policy to mix quantities of different sizes and
types in each of several magazines rathc-r than to store only one kind
in each inogazine. .For example, there may be on hand a sufficient
quantity of 75-min high-explosive rounds to fill on? magazine mid
enough 75-mm armor-piercing rounds for another. Rather than store
nil high-explosive rounds in one magazine ?.nd all armor-piercing
rounds in another, it is hotter storage practice to store half of each
type in ench magazine. Thus, in case of accident to one magazine,
there is still a supply of both types of ammunition on hand.

.;;. Sr|iii.-Hle-I<i:nlin;f i-bell.
( 1 ) Separate-loading and unfixed sholl should be stored in fire-

pioof magazines containing a minitniun of inflammable materials.
Iron or steel dunnage is preferred to wood and it should be connected

TM 9-1900 Par. 174
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by electrical conductors and grounded. If it is necessary to use wood
for dunnage, the amount should be kept to an absolute minimum:
Unfuzed shell should be fitted with an iron or steel fuze hole plug.
If it is necessary to roll fuzed shell, it should be done carefullyi antf
slowly in order lo avoid the risk of arming'"the fuze.' '."!•'"''.

(2) In order to confine an explosion to.one stack of shell in;

above-ground magazine storage, the following precautions will be
observed:.. ... ' . 'y. /*•• ' . .- ' ' . • . , i...;::,:-".'-."'i>

(a) Shell should be stored in single stacks'; nose to nose and
base to base (fig. 156). Shell up to and including 10 inches'; in.
diameter should be stacked in accordance with figure 156,-and dis-
tances specified should be maintained if the shell are loaded with
TNT or amatol. If the shell are loaded with .explosive D, the dis-
tance need be only large enough to permit inspection of the shell and
of the fuze cavities. ' . ' • - . . ' . ."•'. ':

( In igloo-type magazines, shell stored in double stacks, baso-
to-base in contact, with an inspection aisle between noses (fig. 12.5.1.)'.'

(b) The nosc-to-nose and base-to-base-distances between'row* .
should be equal. . '.' - . ' • ' ' \ . / . .

(c) The nose-to-nose distances for each caliber shell (fig. 158 and
ordnance drawings) should be strictly observed and the number.ot,

1 ?ll in each stack should be kept at a minimum consistent .with the
>rage space, available. • • .. . . ; > ; ' .- "- ' . . ... .•-.... ^ ' .: :••':.!
(3) Shell over 10. inches in diameter may be stored on ..their, j

sides or on their bases. When stored oil'jtheir bases, there should be''!
a 1-inch board between the shell >and the-;flOor to'protect-the shell;
from moisture; shell loaded with explosive'15 may be stored-in. infi-r;'
mate contact but shell loaded with TNT should be separated by,a.
distance equal to the caliber of the shell. '•'. . •"'• >

(4) The rotating bn'rids on all projectiles should 'be carefully:

protected by grommels or some other effective means. Dents or cuts
in the band may cause the shell to function improperly in the guii. ,.

li. Uoiiili.4. GP and SAP bombs haye comparatively thin walls ;
and are on<: of the most hazardous types of ammunition to store ber
cause of their tendency to detonate in mass if a fire occursjin.: or a
heated fragment be projected into, the magazine-in which they are
stored. Safety can be-obtained only by reducing the possibility ;of:',
fire to the absolute minimum. Bombs should be stored in a fireproof
magazine with iron or steel dunnage.-, If wood must be'-, used'• for i
dunnage, the aniouni. shoul'l bo kept to a •rninimUm.. Steel duhnVige.
should be connected by •.lec'.-icnl connectors and grounded. A ground :
system separate from the lir-litning protective system1 of the magazine'
should b3 provided Bombs not intended for immediate shipment
should be stored as abovei Fuzes oc primer-dctdnators-sliouid be.-'

shell i
sto

. '.- .f ' . ' " . f * . • ' . * . v . .; ' . ' - " '• '• ;- .-,, }'•'',' \ '•'*";' j '-

' *'* •' ,' -•' , • .; , I ,•"• • • . ', ' ' ' t" ' ' " • • ' ' " ' ' * * > • • •''
. : .'''' - . - - • • - • . ' • • ' : . , ; ' .-. • ! '' 'w:"'i«;V.,•-'.'•-.
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stored in a separate magazine; All bombs should be stacked so that
the fuze cavity can be easily inspected. Fragmentation bombs are :
stored in the same manner as GP and SAP bombs.

[. F»/.r*. primers. |iriiiiiT-il*'Uni!itor«. ilrloii:ilnr.-. :m<l hoosler*.
These components arc usually packed in hermetically scaled con-
tainers and boxes. Care should be taken in packing to sec that they
are properly supported in racks or trays and protected against shock
or rough handling. Even when properly parked, this class of com-
ponents should be handled with great care. Partly filled boxes jliould
be kept securely closed. Magazines for the storage of fuzes should'
ba small to limit the loss of this type of material, and the quantity
of fuzes, primers, etc.. stored in any one magazine should be kept to
a minimum, consistent with the storage space available. Storage of
all on hand of any one type in a single inapneinc is to be avoided if
possible.

}. PtnMrrlinirs. Pyrotechnics require: protection against mois-
ture, dampness, and high temperature. Dry. well-ventilated maga-
zines of approved fire-retardanl construction shall be used for storage.
M'aximmn and minimum thermometers will b? placed in representa-
tive magazines in which pyrotechnics are stored. In general, the
magazines should not be provided with heat. Except thos-2 used
solely for storage of Class 1 male-rial or finished boxed pyrotechnic
ammunition, magazines should not be provided with interior illumina-
tion other than through use of portable safety battery lamps. Pyro-
technic material that has been svet is hazardous to store, consequently
any boxes that show signs of dampness will be opened and if the
pyrotechnic material is W'rt. it should be destroyed (chap. "i). Pyro-
technics should be handled with care ovon when properly packed.
Certain kinds of this material deteriorate with age and have an
expiration date on the containers. Care should be taken to observe
thp direction for disposal of this material at the time indicated.

k. Chemical anumtititimi.

( I) Chemical ammunition should not be stored wilh other classes,
principally because of tho difficulty and danger encountered in fight-
ing a lire involving clunnictil materials. All munitions containing
chemical agents arc- stored in such g manner that each item is acces-
sible for inspection and may be easily removed from storage in csss
it slioulj develop a leak. This type of ammunition must be inspected
for leaks once :> month. Any leaking container should be removed
downwind to await disposnl.

(2) Whenever a magazine containing chemical ammunition is
opened, ii responsible officer or foreman should be, present to detect
the odor of escaping gas. If, such an odor is present, all persons
Rntc-rin>; lire magazine will wear the protective devices jjiopcr for

•^i^'v^^^'-'y'.^.'v'-v'^^ •'•"I*xi:-.-:'"v-'-!" .̂:"-"'i;'-.:'.';;:"':1':;. •^:-st-"-'~ '•:;••
'̂•'-'isj&'v'; f\-':V': •-?•'''..••' •'•-•'.' . ,:'->'^. •''•'* V - ' . ' ' . ' . ' . ' • ' •:.'• •" :".;;;Vi' • ':'•.'A.\\ • ...
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the group, all windows mid doors of the magazine''willbcliipeiiodi-.^
and the leaking container sought out and removed. - - : •-'.'-.'-;;.,'-,'. $'.;/.'•'

. (3) Each type of chemical ammunition is preferably storccl alone,:Vs-'
but may be stored with other chemicals within.-the.sinne. stqrige'r.''.
group. The special equipment, as listed for each'.'group of .chen'iical:; .;

agents, should be available in the vicinity, but not in tlie magazine. '
The chemical agents are grouped as .follows: .'ri''-V: -:.. .-;''?.££•"*;'•'.

(a) Group A: persistent blister-casualty .gases, H, C, ED, anil PS.'5'C- '-;
Magazines for this group should have surface-hardened concrete v , '^ '
floors. . Special equipment should it>«-l"H..-.«,.«• m«l, «r^.>»:...'«::•:•';,•#«:
boots, and gloves for each officer,
quire his presence in the magazine;
flannel cloths; sodium bicarbonate; boric acid; soap; and ample wash- ; j.'-jS
ing facilities. , , . " ' : ' • • " ' ' . • - " • . ' : "i'-.y-'vv'.yV'S^i

Group B: harassing and nonpersistent:

smoke-producing chemical munitions, except WP. Magarines should . '- ,
have surface-hardened concrete floors and free ventilation. -• Special • :

equipment should include gas masks, gloves, saturated solution of
sodium sulfite, saturated alcoholic solution of sodium hydroxide, lit-
ters, and wool blankets. Masks will be carried at all,tim^S by per-,;. '
sonnel in the magazine. : • . .. -. .:'\--;K;-

(c) Group C: spontaneously inflammable munition,, phosp/jprui., ,'^wj?
(WP). This type inagazine should have concrete floors with:elevated.;-'..V;/;^:;iS
sills to permit flooding. -Special equipment includes tubs or t>»W»le-:'•;.!»--jV«:

cannot be controlled in storage, special care must 'lie tak'cn in, tlie:
ctoi-ing of shell containing.white phosphorus. .White phosphorus: Will:.,
melt at temperatures above 105° F. Upon coaling and solidincatioji•.
of the white phosphorus, n void is formed in the top of-the :shell,
filler (in the base if the shell is stored nose down;'on the'Side, if.-
stored on the side) adversely affecting ballistics upon use. -: Where' ;,'
trmpcrattire cannot b; mninlr:t:ied below the melting point, storage •;
should be arranged so that the ammunition is stored on its b:isc, even..;
if this requires reai ranging rounds within their packing. Whereythfs.
is impracticable, the ammunition should be stored oh its si.le. '*..:;•:'•,-. ' . ' .

(cl) Group D: iiieendiary and readily ir.llammi<h!c :stibslnnc&ii,- v
Til. FS, HC, CN.CN-PM grenades.'. No-water'is to be' used in this;: •-j
magazino. No specirl preraulioiis'are necessary except to keep,w»ter, -
and fire away, and to remove loakiii? conlainers to prevrnt an.»c^
cumulation of IOOM innteria! in the magazine.- , : . . •;.-,.-.- -\r

(4) Munitions from two or i.iors groups will not 1^ stored tb-
i-lher without the specific approval of the Chief of Orditamv.. , -^' .

• . : oaf. '.... . -,:'.', •- :••.'•": -:.-:v-.'^',;;
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I. 'Rorkrti.

(1) Rockets should be stored in a dry. cool place, and never in
the direct rays of the sun. They should not be stored where tempera-
tures exceed 120' F unless otherwise specified on the packing con-
tainer. Rocket ammunition which is stored with motor assembled to
the shell should be given special attention for safety. Rough handling
must be avoided as the missile range of lockets greatly extends
danger area in event of accident over that of ordinary fixed ammuni-
tion. Storage should be with nose down when possible, or if not
possible, with all rockets in a single magazine pointed in the same
direction. In above-ground magarines. the direction selected for
positioning rockets should offer the least damage to personnel arid
property in case of accidental ignition: in igloo.s, rockets shall not
point toward door ends. Storage in above-ground magazines should
be avoided whenever practicable.

(2) Si:ice rocket propelling charge? arc ignited by electrical
means, care must be taken to protect rockets from being ignited by .
stray electrical currents such as might arise from contact with exten-
sion cords, lights, or electrical tools. This hazard exists chiefly in
loading and assembly operations. However, rocket ammunition
packed for shipment is not any more susceptible than other types of
ammunition nor is it susceptible to ignition by external sparks such
as thos? which might be struck from steel wheels and rails.

(3) Kockets should bo stored alone whenever possible. .How-
ever, when combined storage is necessary, chemical-loaded rockets
with or without motors may be stored with similar chemical ammu-
nition. Practice or inert-loaded rockets with motors may be stored
with fixed and semifixed shell ond shrapnel. Rocket motors not
assembled to the he-ad may be stored v/ith blank ammunition for
cannon or with rockets to which they belong.

m. Inert iiuiti-riiils. Inert materials or empty components of
ammunition such as drill cartridges, target-practice projectiles, or
empty shell should be siored in buildings which afford p.ood protec-
tion gainst moi;ture and dnrnpne:'.s. Dummy or inert ammunition
should not be siored in ma«nzincs with live or pr.iciicc ammunition
if other storage space is available. If it is necessary to store such
Herns with live or practice ammunition, it will be segregated and
identified clearly. They should be cleane:!, repainted, mid slushed
v/htn necessary and rhould not he allowed to deteriorate. Shell
shoul:) bs can-fully stored to guard against damage to the totaling
band.

TM 9-1900
' : _'___Care, Handling, and" Preservation .
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STORAGE AT SUPPLY POINTS

173. SUPPLY 1'OINTS AND DISTRIBUTING

as d
tions
A complete ...__._.._. . _ . _
Operations (the communication zone and the combat,
tained in ordnance Field Manuals. ', . . ' ; - i ' • - ' - " '""

b. Location. Supply points and distributing
located

riic-im ^i,m«^>.>. . ..—— — .
burning out brush or by turning the soil over, unless. th« uiiHergrowth
is Ksspritial (or cornoufin(>e. . . • ' ' . : . " • - . ,.",.; . ; : : ; ' . -

('2) The commanding officer \vill appoiiit-a.Bre.inarstiMl Who will'
be responsibly for rigid enforcement of fire-pceyentive.inensur-is. Thp
fire m.̂ rsluil will ur^pjiro rules covering all' -local ..conditions .anil
special lirr- risla. I-Ic will u\eri:ise strict fire discipline within depirt
or dump. : . ;':;. .- : ' . . - : •-. . ' • *..

- '

reservaiiuu •••-.-, :>/.---. • • • r. -..-'.-.„.-..-.=-•—. '. '.,..;:.".'. '.:.•"'.".... ,-;>•-?..v:'H':^?J?
•;.̂ A;i;V -'.;̂ i£ .̂)̂ !$$f|p
•" .;->-.v-.,V-.-.--.-Vf,:>-iV.lii:* ft ^-'.rf-St.,»i-̂  «4m Kiiiulne '.••-.•/-•.;,•;!,,.r».;A!

b. iX>CB(lon. oupjjiy punit9 nnvi w.»...^———0 ,——^^—- _ ._ -.v . . . .as.
jcatcd in the best available network of roads and hear a rnilrdad. "-.'•/> :̂ ';J K«^

... . • ,'f -.-.^ ,. '..-1P.'." . :<•*> : • - . ; . - , . . . *•-•-'-'̂ it-î

c. Lny-out. In planning the lay-out of;wpjply":-t¥»F*li-a™y-;Vp^Vl->!;'-;?V^!
-;K.,,:,,™ ,,„;„>« rnncMpration should be' Riven to tl>e fbiiowing:.'1-̂  V .: j ;',v. A/i.JS-'.

upply point.
(2) EASE OK ACCESS. They should

not on, main highways. Conspicuous signs
leading in, and military police should be
tions oi dumps within their areas.

(3)
compl
vanla
tions.

(-1} SEGREGATION BY LOTS, ns a genci u> . M.=, a.,.........--.. ~-:--^
be piled so the lot numbers are en.ily inspected. Quant.t.es issued
to a single unit should be, if practicable, all of one lot.

The principal hazards in the .storage ;of ammunition-in:

:VW^W.-!'U;*« ' •.' *',-»'

t'iM'

'•':• '."s-m$?$$%w%y&&Wwf***n

^j^:--:^'^'f^^
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(3) Fire extinguishers, water barrels, sand boxes, and other fire-
fighting equipment should be provided. A supply of ropes and hooks
should be kept oh hand to tear down piles o( boxes should they catch
fire. Spontaneous combustion due to presence of p.rcasy rags or oily
waste should be guarded against. The direct rays of. the sun on
ammunition, especially that containing smokeless powder, is likely
to cause spontaneous combustion.

176. STORAGE OF AMMUNITION AND EXPLOSIVES.
a. Clasnos. When establishing dumps, the following classes of

ammunition are considered:
Antitank mines
Bomb; (containing explosive D)
Bombs, fragmentation
Bombs, torpedoes, and aerial mines (not containing explosive D)
Boxed artillery ammunition
Chemical ammunition
Fuzes, primers, detonators
Grenades
Mortar shell
Propellent charges
Pyrotechnics
Separate-loading shell .
Small-arms ammunition
1). Quantity and ilinlumr. These classes should not be stored

together. Whenever practicable, the distance between stacks _and
classes should be in accordance with paragraph 172.

c. Pi'ec:iiilioii!>.
(1) Ammunition nnd components should be stored so that the

neighboring piles will not be detonated by the explosion of one pile
nnd so that not nil of one type of component or complete round will
be lost in any one explosion. There should be at least two piles of
uviiry type of am.iuinilion or component stored. It is particularly
important that fuzc-s, primers, detonators, etc., should be distributed
us widely as storage facilities permit.

(2) Ammunition piled in the open should be raised off the ground
at le:ist 6 inches ami protected from rain and direct sun by paulins.
If drainage is not good, ditches should be dug around piles. All piles,
indoor and outdoor, should be m.iclc with liberal use of dunnage and
av.'.ny from contact with wnlls, barricades, etc., to insure free circula-
tion of air. Where tarpaulins are used, adequate provision should bi
made for ventilation. The top of the tarpnulhi should not rest on
the top of the stack or in contact with boxes but should be raised
from the stack at least 6 inches.

* MM :• '«•'-»•

TM9-1900
' . -v . '.'/'.''.'•.. Cart, Honilitl,f,.an<l Pret.iwatian

I- .-(3) Curing the time ammunition if in (!«rn|>r-, ndvai»l>(:? Shiul:; •
"•• • b* taken of every opportunity to place cflcli round in gcoti• ccttriUinn '.-•;"

• • ' • • ' ' • for Brine- Lost fu/c hole plugs should he• replaced, butii in-thYfSiii'.
• ' • ' ' • ' and rotating bands removed, etui nny oth-:r iJt'tect th»t rtiipht xffert
(. ' the serviceability of. ammunition should be corrected . tlW'eviir, 'the
. -. 'work should be done at « snfe tli.stdnce from the pilfl ';., •• '•• ••

: (4) All ariiniunilion shoulr! be stored out of the tlircrt rcys of
• • - t h e sun. . • . ' . ' : . - • • - • '

<l. Cliviuifiil iimiiiiiuiliiiii. Chc:uic(il liinmuiiitioa sttould f.lwoyi
; be stored, away from oilier munitions, und «•« xhtll should nlwcy.v b«;.'.

'-.• • stored.oh their baici. The following additional precmi'.loa'. nhovW ;
b> taken in storing nnd hf.nrlling this tyjx;; • • ' - . _ • ; ' •

:' (1) Shell should be- stored so tlitit si Itnfcy'container.cdn bft.ro-.:
.moved immediately upon 4otecti-in, ' . ' •

. (2) Every man working nc:ir R.T: shell should be cqitippc'.i with •
a gas mask.

(3) Tubes of oxygen nnt! ti:M-iiid fqsiipiVicr.t should be plticatl
in conspicuous places in clirn gc of n chemical iioneo.'nrniwiotiod of-.

'ficer. ' ' • . • • ' • ' ' ' • ' ' " .
.(4) Should an accident occur and a worker be overcome, fusx-aUl

. remedy will be applied and n doctor calk-d. . .' - ; ', '1;:::
(5) Any type of ammunition exposed 10 gas must be cleaned ,

i with an oily cloth at once. . ' . - ' . : • . ,:. ,
(6) Conspicuous wind vnucs should be ^ct Up in plnci;s where rjos'

shell me handled. - : , . . . ' ; . , ;

(7) Munitions contsinii-.g phosphorus should always/Jjc store;!
alone nnd water-filler! tubi kept available. Phosphorus ignites spb:i-
taneously v/'neii exposed to nir, and submerginj in water will estin-'
giiish the fire only as lonR as the mntcrinl is Itept suluhergcd. I-jaky
pbosphoius shell must be kept under wntei until they can be de-
stroyed. '- ' : '"•-'

(8) ryrotechnics. incendiaries, nnd HC, CN-DM,' and CN( gr<.-
nades should be kepi dry. ' - • ' . _ ' ' ' ' ' •

(°) Full use of dunnaw should be made in storing chemical am-
munition. T ' "

Section IV . . ' - . , - • !• •;•"••"-..'

PACICINfi AMS WIARKING

'V.V. GKNEUAL. ; ; • . • >
a. I'iu-pofe «f nurkin;;. . . " ' • ' ' • . *;.'.'
(1) . In tiidt-r that ammunition may reach the- firing line in ,.»

serviceable condition, it is essential that cnch unit of issue be suitably

' ' '

immm^m^
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packed to withstand handling, storage, nnd transportation. Once a
unit of ammunition has been removed from its approved container,
there- is no assurance of its continued serviceability. Therefore, neces-
sary precautions should be taken in its further handling nnd storage.

(.2) When a waterproof container is opened, the contents are
immediately subject to the effects of moisture which is the agent
most active in causing the deterioration of ammunition. If immedi-
ate use of the ammunition is not contemplated, the container should
be effectively reseated.

• It. Marking.
( 1 ) Marking includes painting, stenciling, and stamping of con-

tainers and of the Ammunition itself (par. 7).
(2) Explosives and other hazardous articles offered tor shipmcnl

on a common carrier will be marked to comply with Interstate Com-
merce Commission regulations. These markings include the ICC
shipping name end dangerous commodity designation. In addition,
on LCL» shipments, certain labels are required to indicate the nature
of the contents.

(.?) Explosives and ammunition will be marked in accordance
with Army Regulation, specifications, and drawings. Standard and
special markings are listed in U. S. Army Specification No. 100-2E
and are further described and explained in Technical Manuals and in
other sections of this manual. Markings furnish essential informa-
tion, permitting proper handling, storage, and issue of the round or
component.

('i) New painting or remarking of ammunition and components
should be a facsimile of tlin; on the original container o; ammunition
unless the Chief of Ordnance issues specific instructions to the. con-
trary. Explosives and ammunition obtained from salvage operations,
or mnteiiel whose identification has been lost, should be marked
cloarly to show the nature of the goods and, if ofieied for shipment,
to comply with Interstate Commerce Commission regulations.

17o. PACKINGS.
a. Depijiu untl cunrttrm-lioii. The desif-n and construction of

prickings depend upon the hazard involved, the f.-icilitits for storage
and transportation, and the protection required for the item packed.

li. Types. Wooden boxes nnd tratos are used more often than
other types. The trend in design is toward the u?o of sinm'frd 1-inch,
or heavier, lumber. However, veneer boxes with mnfurciiiR deals
and encircling wire htvc hw.Ti adopted ns standard in several in-
•rtnncos. Wire-bound boxes cannot bo reused HS often as Ihe heavier
v.i::uloa bores, but thtir low cost is an impo;tnnt f«::Uir, pnrti'.ularly
when reuse of the ixix is not warranted. Cylindrical, \v-iv,;-rii|>h(,

Care. lfaT-.dllni,en<II^CserVlUion

mote rounds! or propelling:.<*«'»?!?• i': J^-|:Vnetal contniner*. holding one or

^-EZ^sg£g$wminers, and fiber containers-are iteKnberf belo«. . , - : -.,. , ;^ ^

„£ >^xzzi£^Wim
'"$>£? ™zjj

(tl) Mefn/. Used for smMI-arn^c^ee^^^^,^^^

ing 40-tnm ammunition. These ;
rubber gaskets under uV cover. . ..• , ; - _ . - .* - • >.,. •;. :\.'.v.\ '.'^'.gfei

^,
packing

some of which may be wire-bound. :•' ;. ; : ''^:- ..J^tf^^r^^^

(3) METAL CONTAINERS. .:;'.' ;• ̂ :^^H^M^ii^lS^lfel
("a) Caflridgc-slotaAe cases

containers for packing separate-lpao,nB ..^yp^^^^^if^-^ip!!^
hole is provided in the cover for a^-press.^^^.r^r^^j;^^^

fbj A7e(al cc.nM.nsrs arc used for pac
Icry ammunition, either bare or in fibs
four or one 81-mrn, rounds are also pac
metal .containers are provided as st«n
waterproofing is essential. The s.ng e^ro™
cylindrical sLl tubes w.th « <*tacha£ ̂ ^^^^ ,,; ,
cover is provided with a rubber gasket and £. I ^.i,;^^^ ^ ^
contained means of « spider, screw, and %^tw^o^^^$
leltpads are furnished to prov.de «snuS^ _etlll containers'«« ;v s 'Vv '
container in which the round is packed. Some met-
provided with test holes for airrpressure

(4).*«co™«^.A^:3gg?iS
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fan. ir<Yi 7. •;;>:•.>
''•iff!, H.!n«?iii..;-..vit/ r're.v'rvjf/ori

!>. I'^plusivrs and oilier ihi'ii-.^ou? ;>iticl<.-s oh'cioil for •.liiomi;:';
t.n n common earlier will by pn_!:.."l to comply with Jnturstr- t i r C.Vun-
HH.-.-C" Corni:'.i-:.iuii i'£fct'liu:uns. b'.K j\M.<yr; p'.i l-r (.a), sectic.,1 ), of
those- tcguliitiop.s state* thnt "shipment:: oJ explosives niTcrfe:! by or
consignee! to the Wai nnd Navy Depai tments of the United States
COVIM runout must bo packed, including limitations of wc'»ht, in p.c-
cordnnre with th*so regulations or :ii required hy iheir regulations."
Any proposed departure from the requirements of Interstate Com-
merce Commission regulations must i« submitted :<> ttij Chitf of
Ordnar.cc lot decision.

c. Iviili«.ory explosive and fimmunition pre pnclced in accordance
with U. S. Ai my {pocifiraiioiis .'».T! i.!rr,\vin^s. The methcris ot pnck-
ing specified are used not only to m?2t rnililnry requirCRier.ts nnci
protect l!iK srticL'S from damage in transit but r.re slso designe-.i lo
comply with Interstate Commerce Commission regulations.

il. When shipments of explosives and other dangerous nrticlc-s
tie to be made and containers which comply with U. S. Army specifi-
cations fnr the particular articlff to be shipped are not nvail.^ble, con-
tainers complying with Interstate Commerce Commission regulations
will be used. This applies particularly to the shipment of deteriorated
explosives or ammunition, ,^nd to powder, explosives, and loaded co::'..
ponents of ammunition obtained from -salvage operations.

c. Other regulations concerning packing wii! be found in the
various Technical Manuals, Standard Nomenclature Lists, Ordnr.ncs
Safety Manual O.O. No. 7274, Ordnance Department Safety Bul-
letins, and AR 55-470 (shipments by wntw).

180. SKALINC.
n. Packings arc sealed for oil-tightness by closing the test hole of

airtight containers or cases with Folder or a plug. Fiber container]
are sealed with water- resistant adhesive tape- at the joint formed by
the body'and cover, but they are not considered completely airtight.

b. After the contents are properly packed, each container is ssaled
in some manner which will indicate whether or not the container has
beon tampered with. The method of sealing depends upon the type
and construction of the container. Where metnl strapping or wire
is used around boxes, other scab arc not necessary and will not be
ured in the future.

181. MARKING.
a. General. This paragraph covers markings for items as packed

and shipped. For marking and painting on ammunition items them-
selves, see basic color schemes given in paragraph 7; sections in

C-'jr---, KoitfiT'fi-^irir,1 «'•/ '-.sfYt-.tiftt:

' <-':,;ip-.'i ''. of this m'l'iu:.!; .•::.'.! osh :r' "l'«clinicf; i/n,tr.i: !•; o.i /,•«..

nKirjiti'..p..
• >. r>n •tt.ii. 'iii 'iilit 'it. T'.;i: marking on u.srrsiir.i! t.or; La a:iri w:i-

crti'.eil shrll sejve S'lso os .-> rao.in'-; (.! K'.cnti!:islior for sl.i'jpnir
pul'pc»i«:K. • ' . . '

On to^iiiiiKS-.-'.. •. ".
(i) C<i:>v;cinrrs of iinmuntiioii and explosive.* are • m'arlt'xl .to ..

•provii'v; a ready i;-.c?.:is of idenliiVptioti cj to contouts. Pockinj con-
triiiiMi iir? M'HCI ini.tl:i:d in a'COU'MICC with Arny Uegiilniioii;!, sfnxifi-
cction:., nmi ICC regulation!^

(?) Vvitli ccrtsiiii exccpl:t:n; jjivun in AR 5J-l!>j, ep.ch package :
of supp'.iri turiitO. over for siiipmcnt oil i GovSinrnent liill of laoin'/,
is marit'.d -vilh: ;

(;i) fJ:u>i« nnd acidruM of destination of port officer (or code
d<si?ii.ition). ' . ' • • ' / • / . .

(b) Name and suidriiss of ultimate consignee. -.
{c^ I.is'i ami desirription of contents. -, • ' . - • . • •
(r<) Ammunition code symbol, published in ORD 11 SNi.'s.
(K) Gi oil weight in pounds, displacement in cubic feet.
(() The number of the package/1 , ;.
(3) The letter "tl. S." in cavurnl conspicuous places.* • .
(h) Orclef number or contract number.*
(i) Ordnance insignia. . , • ': :
(i) Name or designation of ' consignor'• preceded by the",:Wi>rd .

"From."'5 .' ' . .' .' ' • ' . " . ' :":.:..': ^,
(k) Lot number. . . = • '
(I) Month nnd year packed. • : . .."'.;..' -., ;-,;
(ni) Inspector's stamp. . : 'S ."•:•'
(3) The adhesive sealing strips on fiber containers are in'the •

same color as .ammunition item, in accordnnce'• with basic color:'
scheme. Thus, blank nrnmunition has sealing strips in red, to indi^-
cstff low explosive (black powder). It will be noted, however, that
for rounds with high-explosive projectiles, the strips are yellow.',. ;

(4) The top of boxes containing ammunition used in both Amf-ri-
can and British guns (for example, some lots of 20-mih ammunition.)
Ere marked "COMMON AMMN/1 • ' • , . - ' • • - • / V : ' :: • ; : ; " ' . - \,''^''

(5) "For further information on .regoJations'igoyeniifngiinairk'iiijj.-.
of containers for'shipment, consult AR 55-155 aiid AK 55-"l70 (ship- •

• - - * ' c.t.:nn;lt<, nhines hre.published in ORU H SNL'st.. ' • : - " . - . . ' . V .

To! LCI. aWiim.nl.•

; • :',-":.: '^:':' 'M



black or stencil while. w!i«:lu;v»r i:; mure npproprir-.:e. On y.oxr:: of
nini .Hiai lMin which ar< Mai.vd biov.-.-i, tin; uinrkin?. ii in yellow; en

.t.-d hoxt.^, th*: ir..'.r!:iivc
r. is hl;i:k. NV ' t ^M it is ii;*pt;-<-iicahU' ty

stencil or paini the markings on the containers, or whc-n a container
is not UEf.'d in shipping, at least two shipping tugs beating rnsrkings
should bo used. Tin shipping trigs m:'.y bo of clolli, leather, metal,
or u.n'ei proof paper, I'liri are attached K> the article by wite. The use
of writing ink, ch^lk, or maiking nuiU'ti:?! other th::;i waterproof ink
or paint is prohibited.

(V) Mt'tal containers cm* pointed olive dr.ib; if!£rkiii£ in yc-Hoa*.
(8) Containers for fcreen bag piopelltnp. charge, -A-hiii.- bag pio-

pelling ch irgc, or section of propelling charge cont:;itiii.^ the blr-ck
powder igniter are primed \vith preen, white, or re'l stripe;, respec-
tively. Containers containing igniters only are painted complete!1.'
red.

(9) Containers for inunds having hij-h-cxplosive shell have a
yellow stiip; h.'iving chemical shell, n gray stiip (superimposed with
yellow, r«d, or green bands to indicate sniokn or gas fillers); or having
inert shell, a black strip.

(10) Containers ior ammunition assembled with ?hell which
have the supplementary bursting charge have stenciled thereon
"W/SUF'PL. CIIG." and the letter 'P.11

rl. On pallctf. Boxes, containers, or uncrated shell and bombs
are packed for shipment And storage in pallets. Pallets are mnrked
so thnt the shipping name, weight, and cubic feet are stenciled on the
top section of the pallet. The overseas address, if any, is stenciled
on two boxes, containers, shells, or bombs, both being in diagonally
opposite corners of the pallet (fig. 159).

182. LOT Mi-IIBER. Lot numbers are basically described in chap-
ter ), section II. . •

Section V

SHIPPING

18:5. (iEiNKKAL. The information contained in this section out-
lines the special regulations controlling the shipping and transpor-
tation of explosives and ammunition. The general regulations are
contained in AR 55-155 which apply to government as well as to
commercial shipments. Shipments made by military establishments
will comply with applicable requirements of these regulations and
recommendations. When tiny difficulties ore encountered in comply-
ing with these regulations, a report in detail will be submitted to the
Chief of Ordnance through appropriate channels. . - •

If'i V-1'.'OO

OI-.plGSv.".. i . . . . . . . . . . . . . .
1>. i'i<mi!iiiit:i;-y. Ki-!>.'.ihu;oiw for t!,e tii>ii:.|.,--.iKl!'.in •:.I exp'r.sivis,'

iiifiaminnble, and oihcr *iant'.erons nrticles by rr.il. motor vcHii:iH^;, r.nd
nierchant vt-ssols arc proscribed by the Interstate Coiaiiiw-e Corn-1

"rnisiion (for ruil and motor volv.clc-s, se^ par/ 133) a:u:i U: S. .Const..
Ousrd (for merchant vessels, st'C Regulations Oo.-f/ning Tian:?poita-
tion of Mil i tary Explosives 0:1 Board V«sels O'.ivinr; 1'rcseni Enitr-
geiKy anil Regulations for the Security of Vessels in Port). .-.-_.•

f. 'il^tf.* mill iiuitticipal l:nvt\ ur<lim;nc>;r,. ^ni1 n.'^ntativirie. ' In '
addition to the J'eileral laws governing interstate tri-hspoi tal ion of
explosives and oth*r <ii>nf,erous articlis, t-ath suite and nearly all .
municipalities have laws or ordinances rt^ul'alinjs th*; Trensfx»rtation-
of explosives and o'.h*r dnngerous articles within their jurifHicticn.
SHiprnentr. of explos.ives and Ammunition will comply with iipplicobl?
rcquirenients of Inlcistate Co:nmerce Commission regulations, l^ore '
and Harbor regulations. State and Municipal laws, nnrl iccomrhfiiKis- •
tions by Bureau of Explosives. '." •'.'.•'

d. ilail r«*<;iilation«. For these regulations, consult "Inlersiate
Cor.unerce Commission Regulations for Transportation of Explosives
ami other Dangerous Articles by Freight,™ .published by. the Burns". :
of Explosives. 30-Vcsey Street, New York, Nev; York; and,see specific
application by reference to item* involved in index of Gonsolidated .
Freight Classification. -'• , • '. ' • .-. : i

'
;,:) ̂ l i i f ^ fS I ' ^ : ' '

185. iMiERSTATE COMA1EUCE C(^MJ5S?O|S . ̂ ^ ^

. ™ tlportation of ̂ ^^^^
within the limits of the ,ur,sd,ct.or,^.'£Jg« f- -tions 33?, jjnd..;

^SJ^^i^^Siti^^^^b?^^^:^^f^^punishable by severe fines and.mpr.sonn.m ^ ^ ^
,,. Section 233 of the ̂ ve-men -oned ̂ ^ ,„.„ ̂

part as follows: "The Interstate Comn^rc. C fi^. ^
L regulations for the safe ''-^^^ other o^n**
jurisdiction of the United ««««?!.£'***"*„^ colnn,6n carrier,,.e.aj;
articles,^' " -which shall b, ̂ ^^t-Urih.^^^^
gaEed in interstate or fore,gn c^'^,^carrier en^agfcd in inter-
or other dangerous articles/'» a^^" '̂.-.sfctioh 235 "f^the A«
state or foreign commerce by ̂ ^^^^i^^ndlother danger.

'i^'i^am$"
• 'j%&;\mi

jjjff
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i,-i!<iii:i i'.n: ii'inncy lr;.ns;i'M;;n ;•, tin- peerage:; 01 tin? U-.IA nn'ttire uf
contents. Violations c! t'uv. net ;.u; puuislial.b liy sever? ii,-,>r; in d

•imp1 -iinmneiu. ICC Freight Tntiif Ho. 3 pi/js-.Tibes rogaintiona fa;
vionsf..ortfitioi» \ > y v.-aioi. . . . .

c. Under the nuthuriiy of Iho ;;t;ovt:-quoieil act, ns aim'ru'.jrd tin!
IntcistiitL* Comniciyc Coiiniiissioii has published rr.gttlatiotif jjovcvn-.
ing tl.i; tranr.porU'.tioii «f cxplosivrs and other dmtgeroui .irliclt;; by
rail, motor vehicle (iMgiiv/ay), and vessel, ' : ' •

186. P. ?. <:0-\ST ClfA^l). The U. S. Cca^t Guartl pKarib,:'.
tcsjul.'viiot'S ;;ovurnint5 the si'ifO'.'.e, stowrge, sncl i's«: of axploiivcs e»<^
ntnnuiiiition o;i bonrd mertluuil ve«e!:;. It is responsible fo» security
and supervision of vcsstls, which includes border., unless; sfxji-ifically
txernpt. (Sec Regulations Covsrinf; Tran;;-,xxtat:ori of Miiitory
Exjilosivc-3 On I-ionrd Vessels Inuring Present Emergency.)

1!17. OF TYPES' TOK SHIPPmU
OR MOTOU VEHICLE.

a. Regulations of the ICC restrict the shipping 01 different t
of c::; losives and ammunition in the same tar or truck. Those
tiuns are specified in th* Londing nnd Storage -Chart 'of •KxpiM.ivn-

. and Other Dangerous Articles nnd published in ICC Regulations. The.
rest! ictionr, may be summarized as follows; ••' . > ' • .;

()) Bulk initiating explosives may not be shipped dry. -
(2 ) Iiiiliatin % components such as datonntir.g fuzes, blssling jeeps,-

boo:.ters. t'.nd bursters may not be shipped, with .any! "̂i**". .'''Kl?","
explosive item except when assembled thereto. : A further fexcepticii.
is p>Tnittt2(l in case of emergency certified by .the Office of thu Chief .
of Ordnance, in which. case initiating components may 'b<j ^.rjlujip^d
with high-explosive components' provided- they are separated by. a ;
3-loot sand barricade. ' - ; . - ' : '•'.-• '.'.'•":'•,-?( -.i. '•'•!;•

(3) Fireworks may not be shipped with high explosives or black :

powder. '. :' ' ' " " / - . ' ^V'-:
(4) Chemical agents may not be shipped with high explosives or

black powder. ' . . ' ' , : . . : ' : •

lf(8. RAIL SHIPMENT. . ^ ,
n. !.on<Iing. When loading freight car« for shipment =(figis. 160,

161, nnd 162), Bureau. of Explosives Pamphjefy No- 6 Slid 6A should
be consulted. These pamphlets gjov^n ; the f;methods of goading, ̂ stay^
ing, nnd bracing of carload and less'thah c'arloaci;(t.CL]f;shipin^nts.of ;
explosives and other -^dangerous articles, ibadcd slicHs' (piojectiles)j
and loaded bombs not covered in ordnance cf raivin^s.',: Ordnance .'drhw-.;
ings, specifications, and standard practice sheets. contain ccrtaii^tech-
nical information required in the! iarldadiiie ̂  and ̂ storage i •iiLrma^iiit,,
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of ammunition. They may be obinincd by applying dinwtly to the
Ofii'.-c oi tl'.r: Chirf <i! Ordnance. Th, C'sr-f of OrrLiarn:'.- ij.vj com-
pile:! a r Tries of volui.-.cd drawings. covi:iinc ammunition sU'r.-:j.;e,
loniii:)?;, fnl Uoi'i'.i:-", v/iiicii rue in <:l ,ss f.r:d division IP-io. lui.is
iirt:' l:t,tr<J by /i:iiintini!i>/n Idt-ntincfrJon Ccdv Symbol, p-n-kiiiK, cliav.--
inil, and ib!n<:v-.-;tcd nomenclature. l:'or information on legal require
men!;:, consult ICC regulations.

b. Tho cnrf.0 should br studied and d^cinion on appropriate slov.'-
;:;;e made- beforehand. The cor best suited for the iie'.-rU at iinr.d
should be ordered. When the car arrive*), it should lie Rivet- a thorough
swu.pi.-ig nnd inspectic:; Tor pioti-uilinsr, ni.ih and bolt hr.'tt!*, which
must bo i iino'/wl or covered with wood. The- sid?s of the car should
he board-id up whert .necessary to obtain ;-n oven bearing s\i>d proper
cinnnfig: (set. Rurcau cf Explosives I'a-nphlets). Substantial pr.ng-
wuys should b? provided; obstructions which may prevoni fic-e entry
to the car removed; the ir;nr.fed:;>ie vicinity clemvil of leaves, diy
grass, P-nd otliKi- iii!i9ininr.blo matei ials; and the b>.-aki?3 set und wheels
chock&d. Dui ing lo^dint; operations, the car and nicgaiine door
5hould be clo^L'd when engine? or speeders are passi:iii- Cars should
not be left pfrlly loaded unless it is impossible to finish leading at
one iinis, in which case car doors must be securely locked. After
luarlifig, the shipment'should be properly braced and stayed, the car
properly scaled and placarded («ee ICC regulations), r.nd a per-
manent record of car numbers kept. Too much importance rr.nnot
b.? placed on-proper blocking and staying, fn many ccsos the bracing
may srct:i excessive for the packages involved; however, if a car
loaded with packages of explosives, moving nt a rate of S miles per
hour, should bump a solid train of loaded cars, the packages mpy be
subjected to a pressure as high as, S times tho total weight of pcckagc-s
involved. For example, under these ciicumstances a 53-pound box
momentarily approaches 290 pounds of pressure. In unloading cars
the same safely precautions that have been outlined above should be
observed. An inspection must be made of the method of blocking,
staying, and condition and serviceability of contents before releasing
a car for shipment. All cars that have contained explosives should
be carefully swept and nil placards removed. Sweepings should be
thrown in running water, burned, or placed in a metal receptacle for
later disposition. All shipments received in s badly damaged condi-
tion should be reported through channels to the Chief of Ordnance,

v. f.Vrlififil euro. Interstate Commerce Commission regulations
require the use of a ''certified car" for shipment of many explosives;
refer to ICC Freight Tariff No. 4 for exceptions. A "car certified" for
shipment of certain explosives (see ICC regulations) must be signed
in duplicate by a representative of the carrier and of the shipper after
shipment is loaded and properly braced. Two of these must be

il.
in t
jii:-f?

• :1 oi.'t.;i<-i; th-:- di.-i.-.-. 01 to t!u r/niifs of tl-o err, one P:I iflrh vide,
•ili--:l U' ief".:ii2i! explosive pl,,cp.td.
.j|inlfii!{-, oi' |i)'.it!i-il <.-ir.i. Ifl;:'Jc<i railrotiij cnr.1; v.'lM nri'. '.- j !-.•;<
i:ficn ar<,.i bv'.v.c. on rmir^uziiic-.s, '.vln.-re they -,nuy -act f.i nn inter-
ri: J,.ftp in pro|:r.;;»t!an of an «.<plr>.iion. Iv'-ilswiiS lo,,diri« »tid

Ufilgndiiv, facilities (ui ."ir.muuitioii should b.V scjKVs.liri from in'rt>.l>
lies! buiK'iusis, public higl-.ways,- aud publi<: railrimk in cccorOance'".
vitb nt-.-intity-riutancR requin.-rr.ants, chapter 3, Mttion II. "Care
jchcitihl nn'. reinaiii nt the loadim; or unloadini; fticilitieo \c\\rs.r tha'n -
24 hours, i'-.'ot mole Ihan one car shoulij be pe-.initltd nt Hie unfoaci-
ii!'.' I'-.cilities a: one time (this decs not apply to Ports of Embarka-
tion). AiU!i!ic.n«l cars should be bnld on mi isol2*ed spur. > Caia
containing ninmunitio.i should not b^ in ('.rcnp<! of more tliun" three
v/hen Bp->it.;d oil tl:c sp'.ir, antl the proups should fcc sepnintuj by 400 .
fe-::t. Eoioi-e cr.rs containing explosives rmri !'nni,i'iiit:on ajc moved
by a loc'.motivv, tin- air binke coupliiif.s mrst bo touplctl tiiuj.tes'cd
to assure that the air brakes aro in proper "Wikinf, condition. V/Ui-.i .
cars are ̂ polled and engines are detached, tbu band brakes must bo
set. During the moving of a car by pinchbftv, a in'nn hiiist bs stt'tidiie^
nt tiit- hsind brake at all times! "Dropping," '"bumping," "kicking," or ;

th? use of the flying switch with cars loaded with explosives mid
nniiiuuiitiori is prohibited. '

"•. Jn":pec'.ion of inromin^ shipmcntD. , • .
(1) All reiUvay car^ befori? entering a iniiitiiry installation, must"

;cceive complete exterior inspection. This includes examination of _•
car seals for tampering, and verification of numbers against shipping
papers and bill of Ir.diag to insure.that cars hay,- not been openec'! in,,
transit, ff car seals have been tampered with or do not correspond
v-ith doc umenis. or sabotage is suspected,'the car should be inspected,
by authorized personnel at a special location. •'.;'; '; ; . , '

(2) Complete interior inspection-is made when the ;cars are
opened. Check contents for conditions and serviceability, and block-
ing and staying methods if damage is prevalent.•''• •; ' :' ' ,v.: .; .\:'.--,':

JS«>. WATER SHIPMENTS. ; - V ; i : . . _ >
a. Kegulalioiif.. Shipments of 'explosives uralolher dangerous

articles aboard vessels (including lighters snd baig»s)>byrominercial
service shall conform to tlie-regulalions presented by the:U. S;' Coast'
Guard Kc-gulations G.-vuining Transportation of Military Explosives
on Uoard Vessels during present Emergency,1 dnd ICCITarifl Na .3.
These regulations permit the transpoHatio'ri of hiilitjiry uxplpsiyes hnd:
iiminunitiun in accordance with requirements of the .VVar £(iii Navy
Departments. AR SS-470 contain? regulations goyerniiiglransportotioh
ot military, explosives, inflammable*, arid chemical riiaterials.-.jAIsp
regulations of poits ;ahd. hBrl)iori«.:..oi;tli«.-Bties^«na.-8tates--_itf«c.wil
should be consulted and complied witli.:,,:: /•.'. • • : • • ; > -.:-.*r~i';:;.

' ^ 1 ^ ' ' - ' -^•^•^^"''̂
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(1) Tiimsporlation of explosives, ; v:<'pt snvM-n.-nii .•imrriuniiiov,
oa ships chivying nrsscnv.ei'i i" iMoVSiUii *xo;pt for coni!i:it Joiidir.j
;;nd oih<;r opoiuiio:::! loi i ' j i r^Mtnts which may !.? r:;copt-:d I'.pun
decision by competent authority. Ki|iiiprnci.t to be u: wi fen sliip-
nicnt should he inspect*;! tint) derl.-.iec! as acceptable by duly v.ithcr-
izrd port outhorities. Ktgulnlionj cov:?rin<: use of flies, ftovcs, puso-
liiic, ::ir.tchrs, smoking/ (Ings, anchors, l;iuipr,, )iool:s, etc., should be
consulted and siricfly coninlicc.1 v.ilh. Persons under the influence of
liquor cr drups should no-, b-j p.'i inittttl fin bc"r'J a vessel '.vhik- lor-.tl-
in& ilnlo-iiiing. or trmis) Mc'.ir.g of expletives anrl f.immirilion is it!
progress. r/o repairs utiicr than einorjeii'-y repair? shi.'ill be under-
taken v/hile any explosives ore on board ?s caie-;O, end cp(.-rations with
equipment necessitating trio \u-.n of op^ii flames or £-.cid is prohibited
except upon special permission of poit a .tthorijii-.-,. E.\plosiv;-s shall
be stowed and segregated by groups accoroin^ io (*oast Guard regu-
lations.

(2) Ammuniiion or explosives in bulk may be stowed in a hoi-.l
before or after other im-go, proi/ided all precautions aie made against
the hazard of c.rticlcs bcin», dropped from the sling. As far as prac-
ticable all work in connection with the construction of a magazine,
or other conditioning of holds, declts, or hatches, shall be completed.
prior io actual lor.ding of amniuiMtion or bull: explosives,

(3) Tht floors of all iTiap.a:iiM<?s and ;;ol<!s shall be clonred of all
rubbish, discarded durmajje. and jpillod explosives, ami swept broom
clean before any ammunition or explosives ore loaded onto the ves^^l.
Buildings shall also be examined and any residue of previous cargo
removed therefrom.

(4) The hatches of the ves.iel wil l be kept closed exc-cpt during
loading or unloading operations, and when so closed will be covered
with tarpaulin and battened.

(5) If loading or unloading is not completed during operational
time, proper precautions will be taken to gunrc! and protect the cargo
against fire, and a sufficient crew will be left in charge to handle the
vessel in case of emergency. Docks should be kept clear of rubbish,
etc. Ammunition and explosives should not be left on a dock or
elsewhere unless proper guard is provided or delivery made to author-
ized persons. Explosives and ammunition will not be left on board
overnight unless such action is necessary incident to their transporta-
tion. Lighters should not be tied up to that part of a vessel or deck
where the fireroom or boiler is located. Explosives should be kept as
far awny from the boiler room and en»ine rcom as is possible.

(6) The use of oil or chemical burning lamps or lanterns is pro-
hibited when loading. Only electric lanterns will be used when a
movable artificial light is necessary.

tn

C'ai•*>, HtunHinHtKmi Prircrvalici: • ' • ' . • . "

(7; Livjiif-o. r,->.i;.-:i, src.-vs, ar.fl .tu^i i.n^-,p'Mi in hai-liiij: voxels
•r viviols !j.'r;:'-H'd :>l on iininitinicioa loac'in'/ i;i«r !o.-idic! with explo-

sives ulna: hi v? their u>n:ieis or snsokc r.lacks e:ov.'ie<l v:il!i tcnv-nin'i
of Miitabie size to |.rovcnt tb-j e5C;'pe of sparks. This !a«viiing nmst
be rcnev.'od VV|K:U:VIT ii is broken.. . :.

(S) P.'ir'fti./i.ies (c?.rgo space) for cx|i(ix<iv<3 nnii aiiiintinitioii tij>.i
all metal uiviviuctions mid c6n»truc-tie>ns ir.nst bs lincel entirely .-.viiii
weien: or P.i''.ltori7r.l wnoti substitute not less than 1 inch thick, nailed
with ceinonl-ooritcei nails end countersunk. \\ '• -

(0) r.xpinsives siwuitin;{ removal or drlivsiy should lie: stored
ouuiik- the clock or v/lmrf v/h=n \ :T.ctica!.ik- aad cvciy possible efTe/rt
riiuit \-.f ;n;ido ii. reduce the. liin" e>f si-.ch sti>:,ij;e. Ktonsge of,these
rnt'te1.ials must ba in a safe place »nd av/ay from unnsinrons aiticlcs.

( J O ) J'ftcftd.fl'.'i; of c-;rp/osiVe p.nd £mrfiunicmn nins^ no/ rie'/K'W/Md
rou;i/i/j', thrown, ejroppcrf, ilcnfgc'l, or toll?-'! ever oacft atlier or over
docks..- . ••. ' •'-.

(11) Mut,-.l hand hooks shall not bo used in handling packajcs of
explosives. .. Cant hooks shall not be iwetl for rsiting or., lowering
barrels, drums, or other containers of explosive?. . ':" , ,

(12) Containers of explosives .showing evidence of demege or
leiikoRe shall not be accepted for transportation or storage en board
n vessel. Recoopering or repacking; of damaged or faultj' containeis
should he done at a s.-ife instance from the vessel. .'•'.

190. i«l)TOKTT?UC.r< SHIPMFATS. : •
..
(1) Regulations jovernir.g transportation of amr.iunition amltx-

plosives by truck is fully covered by ICC Motor Csi-rier I6;gulations,:
p-.rt No. 7, for commercial cRrrier, and AR b5-155 for government-
operated vehicles, :Mid will te strictly auhftrevi to. Most states and
cities, towns, villages, etc., have their own laws'concerning the trans-
partition of explosives ond other dangerous articles within their
jurisdiction. The local authorities of those sections through -which
motor shipments will pass should be consulted and their rules, regii-
lations. and recommendations as to the best route to'lollaw in order
to avoid congested areas, be strictly adhered to. On request,:local
public safety authorities will provide escoits or guords for movement.
of explosives throuf.h their juris<liction. If compliance with these
rules is impracticable, the matter shall Ije referred to the Chief .of
Ordnance in detail. . . " ' ... "•'•-_

(2) Except in cases of emergency, shipjncnts of «mmumtion of,
explosive matprials, except small-arms ammunition, wilf riot .be
shipped by 'motortiuck without prior approval of the. War rpcpart-
ment. This dees not ripply to local or nearb'y hauling but it/ts-'in-:
tended to "prevent truck shipment where rail or water facilities are
available. ' • .' • . .: " • ' '• ' . : ' .
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(?.) Kxtilorivos .mil other ij.".:u;inn--; .irtu'k-1: wi l l not i.o sliii.nJ
by ar.y coinmrri••;•.! highway r ; i i i i - ; : isi-i w i l l It .1 <'.;-.iy:i;'o ihMvof by
cpy commercial i-ouceir.r. be «:ivjj«.i« '. unU'ss ili_> iv i i r ier or ilr,-iv'.;..
COIV.-OMI files :i ct'-rtiii.'iito with ihfl ••i/mii.ill::!/ tv."n:<i>-j:;:>lif:n ofs'ic*!-
stating Hint said carrier or dr.iy:i?.e com-,, in will coi.iply wi;h oil In-.vs
und regulations pruiiuilfciited by fodiM\:l. suits-, nnrt lo'rsi f.cvernmoiits
ant! muni'.-ipalities t!ia( may ha eppllcai/ie Jo and f.ov.-rn each par-
ticular shipment of explosives Mi'1 oilier <i ' i iperovs ai tides. Motor
cnirie;s nor lictM.r-'jd by the IO~ may ti'.nr-poil explosives in inirir.taje
commerce proviilrd pr.rt* 2. 3. b, wr.'l V o: the ivlotor Crmier S.-ifp'.y

ulations aio ob~'.-rv.'d.
(4") \Vhcn yovoiiiment-opcvav::'., '.t-hiclo^ are used in Uaniporliog

explosive innteristl. the shipping oft;cter will ta!:r all iicce.',!ary ami
reasonable profa'itii'ins to insult- pp.ft: tu».n .it. Mxccpl in tin'.o of
»nii;rxo!>cy, tb'j shipping officer uil l be respinsihlc f:ir ;he obSRrvution
of all ICC requisitions applicoble. It the cuinni:i!u!inj> oRic/>r of nn
ursunnl c>: depot or a gancra! or field ofl'iCr-r of the line cUcl;ni;s the
shipment hs un emergency, lh? shipping ulUoer v.-ill t.il-.e cveiv rea-
son?ible precaution to insure saft? inoveirit?nt of the explosives, toxic
gasc-s, or other dangerous articles while in transit on government
reservntions and public highways.

(5) When trucks have Iveen loadod and n:a:Jy lor rnovemc-nt, the
drivers will bo informed of the tru? nature of the explosives on the
trucks, the fire IIE rards. the methods to be uftd in fighting fires involv-
ing the truck or cai ,;o. the missile- dUtnnce in case of explosion, proper
dictancc to inain;ain between other trucks, and any other informition
that will bring about snfa delivery o! the shipment to its destination.

(6) Any explosive or ammunition accepted for rail shipment is
equally acceptable for movement by truck (par. 183), and leading
and storage chart for items that may be loaded on motor vehicles is
similar ro that used on railroad cars. For further description, see ICC,
part No. 7. In passenger-carrying vehicles, however, explosives and
chemical ngrri;s may not be transported, except small-arms ammuni-
tion, laboratory samples, and class R solid poisor.s, or shipment;
weighing less than 100 pounds.

li. Pn-t-iitilions and safr lianilliii!!.
(I) Every precaution against fire must be observed. Tracks

should be inspected daily to ascertain that electric wiring, lights,
brakes, gasoline tanks, and liner, are in good working order, the engine
clean of dust and oil, and the encme pan is free from accumulations
of dirt :md grease. Accumulations of oil or greasft splashed from
the universal joint, transmission, or other moving parts, on the under
side of the footboards or body of the car should be cleaned thoroughly
after each lonj> trip or day's wotk. Leaking gasoline tanks or lines
should be repaired immediately. End tighter! cigarettes, cigars, pipes,

7iM

(slid op-vi li;-;hss rr.U",t be kept mvt.y from 1h>: viiriiv'iy vfhr;; fil.'in".
£i»>:L!;n^ t'lnVs. \V::fvi r:';r(-;,s:-.ry to u:;? ii»r':.ch>::.-.. only 5*f^'-:y in »u-h'yj
may b-? u-.s-d. Tiu'y ;:.vi'jl bi; ki.-pl in n i....*.al .••DnUii-..i-:- in ']'i: i( .A
SKI:-. II:1-.1 i>' "strike any.-/here" matchc!, is pvoliiiiiu-j. The nin<r.<i:t
of vs.>ts in a Ifucl: should bo kt-pt to r, i.i'mimum. miri oily and rlucn
white, should bo separated. Trash si'uuld IK.I: !-".» psr-iiit-.co io tic-
cmm.latc in t\v: tcol box. ..

(2) All trucks will be provided with a'. k"s! one properly filluri
fire extinguisher. All drivers and other employee.', shoiili! • be • in-•
struci'.-d :<s to tin: Ix'St methods of «:xtin«uis!:',ig pi'soline lires \v:tii .
Pyi'.'ita am! should bs iiiipresscd with the fncl that in ncerly ell cases
there ij lime t'.-- exiinguish a fire. sr. it tnkes ai> :ipprrcii,bl<; thou to
her.t aminuni'iion to the point w-here it will explode. A \;v.-. contain-.-
ing 3 cubic iect of "and should be carried on ench vehicle.

(3) When arormmi'.kni ard explosive-, ale IjoinK trnnsporttd in a
convoy of trucks, it is advisable tbsit thty du not becoiae vid^'.y
separntfd but a snfe diit;<i>ce between each truck be r.ininl.iju.'d to.
avoid <lr.;n;er of collision. The convoy should b^-stopped once ftach
hour chirin?. the tiip, to inspect each truckload, in a lociotioii'hoi
'.vithin or close to limits of cities, towns, or municipalities. Driving
through congested areas should be avoided when possible.. Trucks
should maintain a moderate speed and niakc a full slop nl railroad
crossings. Unauthorized persons will not he permitted to";ide on.-
trucks. If a truck catches fire, the other trucks will proceed, .to »';.
ssfe distance in case an explosion may occur and guards posUcl at a
distance of ievpral hundred yards on each side of the traclr to stop
ail traffic. In csse f. truck breaks dowii p.nd cannot be towad to its
destination by one of the other trucks, a two-man guard .should be '•'•
stationed and the post to which the convoy is proceeding should be':
notified so that a truck can be dispatched at OIICG with loading per-..
sonnel to relieve the disabled truck of its load.' . ; ;

(4) Fuzes or other detonating agents should not be transported :
with other explosives. An exception is ammunition for cannon shipped .
with fuzes or boosters assembled. The load should be well braced and :_
stnyed and tarpaulin spread to protect the load from the weather•'.
and from sparks. As an ICC War Emergency Regulation,' fuzes may
be transported with other explosives if a 3-foot sand barrier separates
the fuzes from the other explosives. • - . : ' . : ' ;

(5) Explosives and ammunition should not be unloaded or piled '
immediately back of the exhaust. This regulation is intended :to ;.
apply to bulk shipments of anintiinitton by motor.truck.'j No.rcgii- .
Intions will be construed to prohibit the carrying of'complete round* :'
of artillery ammunition, including -fuzes and pi intent,- iii'one yelticle'..';
by combftt units. ': ::" "-. - . • . • -, .- ' •. • - . ' - : ; '• '..-':

(6) When transporting 'artillery,'ammunition, all projectiles.-\
should be parallel to the side .of the truck so that the projectile;will .'



Pur. ISO

nU- of :!:•.> <!i!i-!r. If it is •.•.•rcoi-.r.r-.- ft
r;:j':»'.il-:s in the Unr!;, strips of plan!..

net :oll b:;c'-. .-.^nis'sl t!:.-? t.-.ii
pLre ir.:j:u I I .KH one l.-./iT el .
ing should b« placed over the first l:>\vr of projectile:; to protect tlw
rotaiin:; b;ir.(!:. froi.i Lx-cfiniin!; i! :foi irod through cnnr.nct with otli-r
projectiles v/heii thf truck is in motion.

(7) No container of explosives or othc-r dangerous articles may
b: accepted by a roolor carrier if damngtfl or in a Icnkiii'.'. condition.
Any container fornd broken or leaking diirin;; transit may be rcpnirsfj
\vl:en practicable -ind not d;>.ri-*t'rc!Us. Repairs should ba none in
accordance with best aiv' safest practice known and ;'i least HIO fcrt
from other explosives or ammunition. • if t!u> damped container
cannot I.M» impaired, it should be reinforced by heavy winuping j«:p;r
tnd tv/ine, p'.nced in prettier stora?': bo:«, intd surrounded by dry fine
ijwdust, dry clcp.n cotton wartt, or wads made from dry newspaper:
and box cover securely attorned. When ie-iking and damaged Cfi.-i-
taiiifr is beyond recoop-.-vage, it may not be transported beyond tlie
minimum di:.:nncp necessity to reach a pl.icc v/heiv ihc explosivu
may be disposed of with safety.

(8) Trucks must have pneumatic rubber tires r.nd brakes on all
four wheels.

(9) All artificial liihtiuj ir.i-.5t be electric.
(10) Fuel tank inlets and connections should be equipped with

a device to reliove internal pressure and placed so that no overflow
can spill on ;!io exhaust, and exhaust pipes will hi protected by a'
properly constiucted flam<; baffle.

(11) The floors of all vehicles must be tight, anc! exposed metal
on the body covered or protected with wood or iioniiwtallic material

(12) Lighting equipment on vehicles should be in confoi mance
with the standards prescribed by. the ICC or the laws of the state
within which the vehicle is operating.

(13) Motortrucks containing explosives will never bs taken into
a garage or repair ship for repair or storage unless it is an open, sun-
shaded garage where no open-flame lighter hunter is in \KS.

(14) When possible explosives v/ill be transported during dny-
light.

(15) ICC rules forbid transportation of explosives on any full or
pole trailer.

(16) Interiors of trucks must be free of bolts, nails, or other
projections which may damage containers.

(17) The entire load must be within the body of the vehicle, and
the tailboard of gate must be closed and secured during transit

(18) The engines of all trucks must be stopped, all brakes set,
and wheels chocked before loading and unloading.

{!!)) !.<-.:«><! ti'jr!;:; will nut b» Mi in ti
.iv's/iners .'i.! they may fii; ;•.-; : n ir.cn medial1,; s

; r>pof, ;,rea b: iv,-,:..;.
i-ji iii propay:ntir,.-' an

e::t,|.".iwi.C'.O) Itefuirliajj should he reduced to n iii;.:iii.'i'-ni li.'i-.e'tU-arr
igniiion system should be turned oft and tho engine: stopped riiuiii,-;
th? rafu^ling process. If thi engine is provide J v.ith a ria«:iai;i. it

should be grounded.
('!!) For any continuous trip longer tlisn 8 iiours, the idriver

IIHK: bs accompanied by an assistant. Smoking.v/iH not bs piymUfro
in the cabs of vehicles tip.nr.porting explosives. The cnr will riot.be
)?ft uiiHitsndecA c-n a public struct or highway.

(22) R-.ery shipment of dangerous explosive; will l;c delivered
only to u person authorixed to receive it,-except such shiniucius as
arc placed in magazines which are immediately thereafter .loc'tcd.

(23) Motor vehicles carrying explosives or umrniniitioti will have
tha prescribs'l placarding with lettering no less than 3 inches high PR
a suitable background. Four "Explosive" stalls arc rc<|uirecl, one or,
ilie rear, front, and on each side. When" transporting more than one .
class of explosives or dangerous articles, no more thnn'brie :kind of-
siv;n lefccring or plncard need ba displayed and that one must bs the .
one which' designates the most dangerous article being transported.

(2-1) )n case of r.ccident, all unbioVan packages and HS much of
any broken packages es possible will be carefully "atbered and re^ ;
movcil to a-place of safety in order to prevent fire or; cxpjosiwy
Care should b» takesi not to produce sparks. In the event that .a;
motor vehicle'is entangled with another or with aii object or slruc- •' .-•'•
tr.re, no attempt will be made to disentangle the vehicle, until the lot'd /'
is removed to a place 300 feet from the vehicle or any. habitation. ,;
Inhabitants and other vehicles will be warned of the danger. . . . : • -\,. *;

(25) When explosives and ammunition are being transpc-rted by< .-,;•
truck from railroad loading and unloading facilities to or from the '--.
magazine area, n route should be selected which avoids travel .through ".-
congested areas of the post. " ••. ,:;''\^,. •;? - i'•':,

Section VI / . . ; . : , :, '

INSPECTION A?ID SURVEILLANCE ; |

191. DEFINITIONS. , ' ! . '-• ';

a. Inspection. Periodic and special.visual examinations}
may include gaging, weighini " ">h! '
quired for the. purposes
the stocks on hand «nd deleting =».--— .

li. Mointennure. The car*.taken and work done to lew
munition in good.condition. ; '.'.!• • • • • ' - . ' f . r -

*"' ' • ' - • - ' ..,-,. >:'-.
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v. i''U'» i:iJI:.ii«*o. Gbs .i vrtic:1;. i t i r - r.?«: i: ,-. :, i;i -.••-.•••.{ ij/'Tlicr , I--?*, L^\O-.
aTvJ nn^'^irj-Jion of atni.m;:>;k ti ;'<r.-1 .';;u:Miiji'..io:i cOiriC'or;:;!*? '.ii:.l
i::;;.ilt:s:v:'S in movement, stor:1...;:, and v:.-o, •> i;li t£:'.| ..vl ic> degree of
serviceability arwl rMs of deterioration.

il. IfKKiiti;;. See chapter 1. scctimi U

'19?.. IKi'-rMrnO.N OF MACA7IISKS AMD MACAZINU A R E A S . - -
a. Magoziii'.-s and magazine .T.'C:IS should b>» inspected once a

month, or more frequently as i;v.»y I'L* i c-t|iiirvd by rv.nhttioi:!; ond
conditions, to sec thut nil coiuli'Jons arc normal, that niit!ier lininif!-
ity iiov tcmporatnro is or hnv. rv?n UHJ hij'.h within th;^ siiajaJtinc and
that coruninfri'S are in n sritiyfactciry con;'ilicin.

li. The tallowing is a surinnury of conditions tl'.nt should r.pply
when ammunition is inspected:

(1) Tho location of magazines should conform to the quaritity-
ilisinncc tables in regard to distance front irhabite;) buildings, frcra
public highways and railroads, and from e:«ch other.

(2) The magazine areH should be well guarded and protected
against fire.

(3) The required firebr?:4:s should be provided and free from
rubbish and inflammable material.

(4) The magazines should be well and suitably constructed.
(5) The magazines should be in gocxl repnir, dry, and well venti-

Isted.
(6) The interiors of magazines should be clean nnil neat wiih

stoves arranged in orderly piles.
(7) The requirements of the Mixed Storage Chart, paragraph

173, should he met.
(8) The stores should be properly identified by lot number and

piled with no more than one lot in each pile.
(9) Outer containers should be securely closed.
(10) Loose rounds, damaged containers, empty containers, paint,

oil, waste, rags, tools, and other prohibited articles .should not be
present in the magazine.

(11) AH ammunition, explosives, and load components (except
small-arms ammunition) should be stored in segregated magazines
and not in buildings used for other purposes.

(12) Exudate should be removed from magazines promptly.
(13) Files of publications should not be kept in magazines.

193. SMOKELESS POWDER.
n. Smokeless powder in bulk and r.eparatc-loncling propelling

charges should be inspected to see that all container!! have lids fas-

J«4

toiii ' l f s i i ^ ' y in Jilic-'-, tint vcniaipors are sirti^lif. niicl in good coiuli
lion. The;-' sliouM !)•• • ::rMni;-,.:.l icr evidence of ii-;ving lifiti subji:'.>.-j
to iiuiist'.iie PIT; tii-ir.;jni.-si n-id, i.i wF.rm v/eftlur ;i".tl ciimakr,-in:
itcortts of the iTuiximutn-niii i irnum lh»ii'i-;;oi,iKvitr t;:amii'e«-i. Mo^.pl
contair.o:s of sprir.ral.v-l<:adin2 prorjellir.g chnrijc-; should be air-:tcstFdi '
Air-tcstinji personnel should be iciaiUrr witit tha odor.of dccoinpoiiiit'.
powder and should note carefully the; odor from each container r.s k
opened foi jiii tesl. • . .'.'• :•,.••.••'•'.•

(1) When smokc:ler,s powder rt!H-h-:s an u»v at wH>rh;it may be
expected to tjotoriornle v/ith incip-aseU rapidity, each container is in-
spected at least cv "y 12 nicnihs. Propelling- charges of lots t!«»t.
5rttisf:-ct-:Tily p^issi!'-! pitvij'.is insptjrtion should bu reinspecled r.t.
12 month interval?. If it ippr-ins tliat it will to neceffsiry to \vith-
holtl inspection so that the elapsed time will be greater tbfir- 1*1
inonthr., prior authority will he obtained, from tl;e Chief of Orrfnaitcp.
Methods of inspection and Vests to bo performs'! arc laid ciov/n each
yenr by the Cliief of Ordnance and published in \VDSB ,9-AMM 1. .

(7) Where tho number of defective propelling charges in. m.y
• one lot rcsches 10 percent, the balance of the lot will-thek-eafte' b=

inspect'.'d a t 6-rnonth ititt.wnls. • ' " • - . • • -•-.-
li. During inspection, minor repairs such as tightening Incings and

replacing gaskets should be effected. . • : ; ; ' - --•
c. In largs magazines, instead of dating each methyl-violet itst^ .

paper indiyidually, a rpcord may be kept in the magazine of the date '
of inspec lion. If any lots containing such undated papers ore shipped
elsewhere, the date of last inspection which normally, appaars oii the
test paper will be shown on the shipping tictefc. ' ' ' . - / ; • : , :, 'Vh

'5fll>• ., ..C.v^Uj

u. i\\\ stocks on hand should be inspi
readily identified as to kind snd lot nuin
has not been subjected to moisture and d
be examined to see that they have riot
rounds removed from their sealed con
turned in by troops should be examine*
propf.-rly repacked and sealed. Unservii
bo examined to sec that tliei -
inquiry made to ascertain that thi

h. When any largj number
munition has been in storage 5
made for the inspection of the p
lots of the rounds. This rein
should b'e done with cxtrenw
Rrquest-may b* made of the

• ping representative rounds of

Containers AooftK . J
c,,ed nor indiyidual,

P ̂ ^iceabfc : roun,ii ;
^ they have been '

^s ^ ^ -
losed containers and

becn reported for
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from representntweV-
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Cant, /Y:!!i<;/in>!,.-.'/!./

for on .•irmminiiion risprclur lo si!p--*!vi:<> thi.- (!i?.v..VMnbiv and IM-JP-I.
lien. The:,-' ro'.ifCWii'.iUivr mt'r.di vh-3«l-l b« i-:<:unin>.:i J's follow;:

(1) Thrci1 pm:k:ii;<T. representing cr.ch Jot will to amoved ficrn
l!ie r.in;M~iiH- 10 r. location in nccord.ir.c!* vith snfety requirement!;,
and inic r»i!.iil at nir.inunilion v.i!l hi !•'. Icct-.v1. ni random from c.'.ch
package. Those rounds should bo removed from tile niftgnzine and
disassembled with care. Immediately nKfr ths shell is removed from
the cartridge' cr.ic, the ctlor from the powder will Iv; noted. Al! in-
stance? of the odor of nitrous furies will be reported, tu general, any
chaiy.e containing c.n excess of one p.'ic.'ir.t deteriorated grains will
hfive a irt.-.i'ked odor of nitrous fumes, l! nitrous fumes Ere detected, '
the smoxclcs:' oowder fro:n ihnt rri.mti v.-ili he destroyed, the primer
fired, and t'.ir bplance of the round shipped to tha nearest oidnance
depot. Th? entire lot will the;i i:e hrlfl 'or disposition.

(2) Semifixed ammunition will Is? iiupertcd ;;s desci-.hcrl above
except th:it, when tile charge is contained in bo«r.. the bags only will
be inspected for partial or total discoloration and subjected to a
matiual test to determine the s-;rviceabilityof the cartiidgo LESC
cloth. Rounds conteintn?, hngs which are discolored or spotted, in
which the bf»gs are weak due to deteriorated smokeless powder, will
be disposed of as describee above.

(3) Mortar sht-ll, Rrenodes. mini.-?, and rockets ore inspected as',
in subpa-a<jraph a. above, except that exti erne cnre is taken to sec that
nil grenades end grenade fuzci are in containers which are so effec-
tively closed that the articles cannot be ensily removed and handled.

(<1) A report in duplicate fcr each lot inspected will be for-
warded, through channels, to the Chief of Ordnance.

o. Cartridge cases should be inspected, as occasionally burs, pro-
jections, and slight imperfections are formed on the mouth of cases
during seating or crimping operations on an assembling machine.
Such irregularities must be removed so that the rounds may chamber
correctly. The use of power-driven grinding wheels on loaded ma-
terial is prohibited. Although it is preferable that no filing or grind-
ing be done on loaded cartridge cases, the careful use of a file for this
purpose may be permitted when necessary. When filing, the rate
must be limited so that the heat generated will not be dangerous.
Protection should be given the primer.

195. SMAI.1.-AKMS AMMUNITION.
n. TM 9-1900 and WDSB 9 AMM 4 should ba available for

reference.
h. An examination should be made to verify the following:
(1) That all ammunition on hand is properly identified.

. ; (2) That outer container seals hpvc not been broken or liners
-,bpened. • •

(3)
t,w:'t:

(•'.)
accum

(S)
( f->

CVittf, limiting,i.nd I'rosetvstian

That covers of partly filled outer coiitttfciM s ore • firmly

Tiint :<ti excessive cr.:;:iViily of <•..- ' fV ."i !:n.ni«nUiort l«r.s not
lats'J.
Th.il |>rcidu 3 ammunition has buca reported (par. 15).
TKit there is no grai't accumulation of scrvjitpiili roui'ds of

CTniniinition not packed in clips of bandoleers or in the-'regularly
prescribed manner. , ,

(7) That there is no nccumuliUion of olhc/wise strvicaablo anti-
munition not identified by lot number. .

c. The contents of representative comaincrs of lots th^t hiive
h-.-Kii in stoi age for 1 year should be inspected for corrc-sion, season
crnclcing, dents, or other defects of the >:artri<!£e care, inkl for loors
bullets or split tracer bullet!!. ' •

tl. Serious defects should he repotted'at once sml, if the I'.noiber
o( deftctivc cartridges is greater than 7.0 percent, the- lot should be
held for instructions frotn the Chief of Ordnance. . • '

196. »U».K EXPLOSIVES.
;i. High explosives find Marl; pov.'dcr. Black powder in bulk,

practice bomb and smoke-puff charges, TNT in bulk and -blocks, ex-
plosive D, and dynamite should be e::emined to see thot the con-
- :..-.. — :„ „„„,( ,./M,rf;tinn, thpt there are no open containers, and'r---- -tainers are in good condition, tliPt there are no open Blnck powder..

of a cold chisel, hatchet, or other unsuitable tool.' 'pynariiite
tniners'should be examined for signs of exudation ond:pthcr'evidence
of nitroglycerin on the case or on the floor. •. ' ;'.• ;'• i''

h. BulU powder (smokeless). >.,. .. . : '...V
(1) Bulk powder of lots that satisfnctorily pcssed pfevipas.in-

spections should be reinspected at 12-rnonth interyais. '<Thfe?actipn
provided in paragraph 193 a applies when it appears the ptfiod-.Wiii
be greater than 14 months. -' • •

I
Each
or if
immediately be segrei
or if the N/10 methyl-violet paper has. tih.~~. - .

'goted and subsequently disposed .of-, ^Bulk
• ' ; • - ^— -:«:~v. rv,,,,i;tit>n pimmediately be segregoteu -«,« .'VV-^n--'. j^ Condition Report

powder segregated will be repomd ̂ ^g^g'̂ ^hTil.
ss grade III for d.spos.ttonjv M^^^/io^ethyUViolet; paper
the above defects are found, .new ••ggW^j ,Q sfor(,Ke.v If: the:
will be placed in the box, and the box returne^_ ^^ ^ ^
the above defects are found, a.newdated l^/l().

aced in the box, and the box returned
amount of defective powder in any-one lot equals 10 percent of. th'e

' • ' ' ' ^ ^
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lot, the b:il;-.ncu- of ilie lo', wil! !••' i:.:p; • - • • i l iru-rc.-if'-r ,->t 0 ir,oi.;h
i:it?i v:sis,

(3) For lur;her iniurinntion. s-'e \VOS5'-! 'J-AivlKJ V.

197. SKFAH ATi-M.OAPiNf; sii:i,i..
a. Separate and unfixed shell fhoishl he inspected to ace thst

they an- piled in the iii.inr.er. and with tlic clearance, prescribed in
clmpici 3, section II. Shell should lie inspected for r'.u*. or conosiou
nnd some of the fuze holt- plugs shoiil;! be removed to see ihflt t.lie
threads air: not burred or rusty -.r.d tiia'. the cavity is clnar. Fu>.«
hole pUi'js v.hich require excessive i'oiro to remove siioulil nut l:s
removed in the magazine. When necvssmy to remove un:h plujjs,
barricaded, protection shouk'i r/e provided. Hands slir.u'd be protected
against dents, cuts, and pressure from upcer layers of shell. Shell
should be examined to set- that they are properly painted ami mailccd
as required. TNT or armitol shell should be examined for exuttatc.
Any exudate formed on shell or the floor should be scrubbed up with
hot water or acetone. Exuding shell should be reported ?nd heir! for
disposition. Exudale is tn oily brown liquid tluil oozes out around
the thread in the nose of a shell. It is inflammable and may carry
small particles of TNT. If the exudation is slight, the service com-
mand or department ordnance'officer may permit the shell to be used
after the exudate has been thoroughly cleaned off. If the exudation
is excessive and drips en the oth3r shell or thn floor, the shell will not
be used.-

Ii. When it become* necessary to recondition the exterior sur-
faces of projectiles, they should first be thoroughly cleaned. Metal
does not stop lusting unless all signs of rust are removed from the
shell. Light engine oil should be applied and cleaned off with dry-
cleaning solvent after 2 or 3 weeks; then paint, with one cont of
primer and one, or two if necessary, coats of paint. Provision must
be made for stenciling lot numbers and other identifying marks on
projectiles and storing them so that the shell may be readily identified
by lot number.

198. HOMBS. The requirements for the inspection of fragmenta-
tion bombs are similar to those for fixed ammunition. General-
purpose bombs are inspected to see that the regulations laid down for
storage are strictly complied with. Examination should he made for
exudate, rust,, and corrosion. • Fin assemblies should be protected.
Fuze hole plugs should be removed from representative sample to sec
that threads and cavities are in good condition. Painting and mark-
ing should be in accordance with regulations. Exuding bombs are
cleaned the same as exuding shell (par. 197 a), but there are no.
restrictions as to their issue.

• . . . " • " • • 231

Care, ilun(Jli:if.,aiHl /'reservation

!V'J. f;J,T.MAJU:NG Ml-: IK E^J'I.Of-iV'KS. AH siihim.rh- mine
o:.plosives, including out!: TN'C Mid Ivlastin;', ccpt, s'-ionlri b>! jn-
!:(:«i'v-.-d •.irmualiy. Tl:e i:ir,p;-c!;uii of TYi'Y will be isnil-;- i-s reiinivr-el
l.iy pr»rc'^Kit>h 196 ,ir.ri the insj'i-clio:! of c-Jociric bliislin?, r-jp: 1^3 ir;-
ini iuc i by poin^ropii 200. In i'ddition, rcpie-'-'iitfctive. :-impl»;s-.vill IK-
tor.U-d wiih an upprovuci-tyiie clc-rtri.' bla .iinj. ccp circuit-tKste-r. Ai.y
mtcstionabls blasting caps should.also b'.- tested \vilh the circuit (ester.

300. (••«IZKS A.MJ S.MAI.1, ITEMS.: Fuses am! other small .....
components ai'J ammunition items should hs examined to.see that
thi;y art stored in sealed containers and will protected Bfjhin'st'inoi*-
Uirn. P.-:rtly fillpri outer conminer.-.'nre examined io sec .'thut thsy-
liiiv» be? n properly resesk-cl. A chock slioulO tie roace to see that the
components are suitable for use-with the ammunition ori hand iiml
that the tequired number is available. Component! which have hreri
in storage move thun I year will have r. repiesentstive outer container'
of t.ach lot opened and the contents exarninod for rust, ;Uisc616rati6ni
and corrosion. Satisfactory items are'reseated by 'resolilering 'conV.
tainers or sealing with friction -tape and a coat of shellac. Qiies-'•'.'-';•;
tionablc items will not be issued but will bs reported to the Chief ;. •"
of Ordnance for disposition. . - • . - ' . . . . • •<":•]

201. I'YSIOTKCIIMCS. t'yrotechnics should be e::;irnir.ed to see
that all containers are in good condition, and that they are effectively
clojsrl so that the contents cannot be easily removed or -handled. •• ;

202. r.UF.ai!O.AL AMMUMTION. Chemicpl ammunition "should^'; .
be inspected to see that it is stored so that any leaky container can'.•*•£•
be readily removed and that facilities for handling leaky containers .y ;•/
are available. The ammunition should be examined: monthly for ;-';
leaks and every 6 months for rust or corrosion. Boxes should ;bs ''
examined to sec if there are any instructions thereon requiring the
destruction or use of the contents by a certain date. Containers;
which develop leaks should be reported, through.channels, to the
Chief of Ordnance. Such reports should include 'information, aai 'fo
type, lot, date discovered, nature of leak, and whether apparently;
caused by defective material or improper handling, and disposition
mnde o f container o r disposition recommended. • . • ' • ' .•"" :-

203. INEKT COMPONENTS. Inert or empty components of/ainV:
munition should be inspected to see that .lliey-are properly; p'rcit^tted
against rust and corrosion,, or'if they, neeid 4; renewal bf^a'^ritAertiye-
coating of-paint ;or grease.: ..;. ;; --;;'';..'' •• '••'; •••'••;'. '• •;.!''•,''.'.=;-;V-.^-'.''

201. OUTDOOR STORAGIJ. Ammunition stored piitdoiirsjihould
be frenuently inspected.for signs of deterioration or loose, components.1.

" ' ' ' " ' " ' ' • ' • ' ' " ; ' ' '• m ' ' - ' • ' " • • ' '"^-^*fel^?
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n. Whim tlir material in the li;inds of troops is inspected, inr.mirj
si.ouli.) b' rn;-<!e ;.s to iiiiy ainnv.mitio:i t'.'iilurcj c:cp.Ticncsd :>ii;ce ;lu;
date of the last inspection and whether such failures have been re-
ported. If no report lir.s been nincto through channels to the Cliiof
of Ordnance, all available details of failures'will be collected and so •
reported.

h. li the inspector finds defects in ni iummition which will rrequirc
thy> expc-iidilurs of labor or funds to cotrect, he should take cp.re to
examine* a sr.ilicient number of containers or rounds to insure a
repoiton nvcrajie conditions and not isolated cases. The examination
of fire containers, selected at random, should be sufficient for a report
that will reflect average conditions.

206. ri'BLICATICN F«,E.
a. A die of pertinent Technical Tiegulations, Technical Manuals..

Field Manuals, WDSB's, Ordnance Field Service Bulletins, ond Ord-
nance Department Safety Bulletins, together with a copy of the
Ordnance Safety Manual. O.O. Form No. 7274, will be kept complete
and up-to-date. The service command or department ordnance of-
ficer or his assistant should determine, when inspecting ammunition
at a post, camp, or station, that such files are available and their
contents thoroughly understood.

h. Additional information regarding inspection and surveillance
may be found in chapter 5. . •

Section VII

RENOVATION

207. DEFINITIONS.
n. Renovation denotes all activities, necessary to place ammuni-

tion in a serviceable condition, which involve disassembly of the
item. Such disassembly does not mean that which is involved in
ordinary operation such as the fuzing and unfuzing th.it may be per-
formed by a gun crew, but that which involves the opening of a joint
which originally was intended to be permanent, as shown by crimp-
ing, staking, or cementing. Renovation may be necessary to replace
a component which has become unserviceable or undesirable because
of deterioration, damage, or change of design. Renovation of ammu-
nition includes such reconditioning, salvage, and destruction of un-
usable components as may be required.

TM •/•in-;. '!'>•/- -310

Cnro, K;in<ltingtr.nd

,'t. l li ' i 'onililiiiiiiii '^ ('.-I-I-OIC-L: those maintenance ana rupair nciivi-
tier. which do not inv-.jlvi r»placemcnt of unsoivicc-aulK crninxmctiU.
ft iist.''.^'*.^ s'.ich f.»;)ciatit>,:s .,s c!:!rii:.linii, i ̂ uaiiH'.nf, vostt»ncHin$t, repair
f)f conV'-iiit.-!?:, mid suporhYi-Lti repair as rcinoving dr:nu: f'.'oin cantt.lge
cjsi.r •Jiui •ilraightsniiiR r;on<<j fins, etc.

c. M;iliitiMi:in«'i: is nn all irnrlusive term i.ivol/iiig reconditioning
/'tntl renovaiitin as defined above.. -More specifically, tiuiinttiiH'.ice i;:
th<^ i!inintainini4 of stocks of ammunition, ammunition components,
MK! explosives in serviccablo condition for immediate use. ''

<l. fiiilviiyp includes operations necer.ssry to d-sai'einhh1 or break
do'-vn ammunition and ammunition compon&ii's in order to recover
tliertfiorn nil m:ilei-i:>!s and components which me of r;iay be rt-rvlce-
iiblc or which may have value ss scrap. ' . - ' • ' .

208. liKSTKl'tlTION OF UiNKIT OH I.IN8AI.VAGE
Tlv)*!. Ammunition or its componcms which are unfit for Salvage .or-
me unsafe Vo handle arc- disposed of by such methods .of destruction
GS detonntion, burning, or dumping ot SOK, .^s described ih-.chapter 4.

:>o<». Airniourry FOR RENOVATION.
n. Renovation of ammunition, ammunition components, and ex-

plosives will be undertaken in the Zone of the Interior only upon,
receipt of specific authority and instructions frorh the Chief'of
Ordnance. . . • • : ' . • ' : ,

li. The Chief of Ordnance issues orders for renovr.tion operations
bsssd upon one of the following:. : ,... •: .-'

(1) Surveillance reporti from en ordnance activity to which ani-'
miinicion inspectors are assigned, either in the United States, or:the.
overseas departments. • . " : •' ?' :' -;.

(2) Reports of functioning or other tents, either surveillance,,
acceptance, or special. ... ' .': - ;

(3) Reports from the using services usually originating from ord-
nance officers assigned to class I, II, or III installations or w.ith.cpm-;
mand organizations. • , ' • ' • ? ' ' • : '

(4) Reports of malfunctions and scc:ilents from '.he using sery..
ice.;, submitted in accordance with AR 750-10, which may disclose a
desirable engineering charge. • .

-- ' ' -^ , . '•:'.'••' -." i,iV

210. SAFETY ,
a. Renovation should be performed in an isolotei.area .or build-.

ing specifically designated for that purpose. > The ^quantify-of..wipl*1.
sives present should be the minimum necessaryVtocalry, out .-the
operation. 'These operations should be carried put in cohforinUy Vnth
the quantity-distsnce requiicinents .of chapter"3,.section^IT,i-rbased
upon the total quantity at.t^-operati6Vi/-''Th'e:\i«Ui«iibV^<i8r.-^!tw)ns

' • ' • ' '
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Ce.(?., Hcndting,i;r.'j Preservation

y.-riiiilted :U or iinnr tl:o operations s!ioi:lrl br kept l» a miriiriu'm.
'i lie /«rca or builoings should btf flee of loor.u exolosives, v/aslt; p'tp^r,
mid cither comhuslibie mnlr.iio.l. All \vori: wil! he performed under tlir
;lircct iincl competent supd-viMC-ii of experienced person:i!.*l.

li. Renovation operations arc hnztudous and require a thorough
knowledge of th£ activities involved, the hazards to be gmudeci
against, und tlie precautionary methods necessary for rreatest protec-
tion to personnel and property. The equipment u?ed must l« d:;-
si^nod v !:.b this in mind and, in mnny instance's, operations must be
ci.nducU-ii in workrooms barricaded fur th« protection of personnel
unfl property in the virinity of the hazaidous operations. Barricades
may be of three tjcneial types: reinforced concrete, rnctnl, or earth,
or any acceptable combination thereof. The height snd thickness of
the barricade are governed by the renovation requirements. The
decision as to the number and type of operations to be conducted
behind a br.uicatle should be bused on the hazards involved, and the
barricade, equipment, and tools to he used should be designed to
make the best and most efficient use of tho protection afforded by the
installation.

211. SAFETY RK«lU.ATIOiSS FOK M.-MM'ENASCE AND SAL-
VAGE OF EXPLOSIVES OK AMMUNITION.

;i. Ammunition or explosives shall not be renovated or salvaged
within a magazine where other ammunition or explosives arc stored.
These operations shall not be carried O.i within the magazine area
unless the site, empty magazine, buildings, or cars in which the work
is done are devoted exclusively to such work, and nre specifically
approved by the Chief of Ordnance. Such operations may be carried
out in an empty magazine or in the open at intraplant quantity-
distance requirements, but in no case at less than 100 feet from the
nearest location of explosives.

b. The quantity of explosives or ammunition involved or present
in any operation :it one time in one location shall be limited to the
minimum quantky necessary to carry out the operation, thus:

(1) Black powder, 100 pounds.
(5) Sepairite-loading.propelling charges-—1 open container, and

four closed containers.
(3) High explosives nre limited to one open container of 100

pounds and four closed containers.
(4) Smokeless powder limits shall bo one open container and

nine closed containers.
c. Hazardous operations, such as those involving the removal of

boosters from shells, and the disassembly of fuzes and grenades, shall
be barricaded to reduce operating hazards. Disassembly of ammuni-

'-. •••'• >'"!<'(!•::'::::.!^'--'•••-'• •"•••• -•

, I ...:. ..-:<! < ! • • ; : • • •*.':•'•• *: '"'"'••'".'" "'
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K '̂.!! .',{ c.:.. :.'., • ••*•• •'- ' ;-.'; ' '. ;
to,*:'l ok:t:.«. ,r, , ,- ..--I « •'

application <:! «w»w '"-•-;• "••" '
surfaces to b-r s.-!jvjrst«l .""'• "^ -':
or othe! hir..ii:ir; 3!;--T.:--. *«d ••?'. i.'
utidiiiv force is n-ji:-.-:Mr>'. > ' • • • • • \"
hind a bsrricado.

cp.rtridi'.ei from k.a«'«! :-.-.,sr., \?0 i
assembly of pr«;jwtik-s an.l i-urtt ifl
the removal of r.i:t r.c:«:--V!! is>>;n lc»

equipinent, the «(uipnv-iu rr'.i:-;t r* V'"JV"-'''-' •'''" ' * "
prevent ths contact of the did! 'A'il^ t-"1? i»«« ''" '•'-'''""'r S1*11-'1
th? explosive-!- in thj v'.ieH • r is: ttint'-v.v..

(3) The removal of liasiil Htsmnk- i'.--v/i I:-"-! ';-'^c':'_J'1
must bs performed iinir.oiUatitly in 'rum «!" J -.wfil'ic ;.'r.:u-.'J'
equipped with an cifoctiv.! blfi'c. into wh'.;U \l-.-t <;tor.j<.v:
deposited should a prcir.rUiirfl ifinitiur. r.{ :ix l'vi.=;< :.!t<Jiv:;-n ';

• • . . « » • » . i t ^e. \Vhcn ^olderin?. optfJitsuiK • are yx-fiortti^u x-v*-"' '"»••" *
ers. precautions shall be taken to Limit- U>.'. th«y eivw«in "•
grains of powder or *xplosiv«-« <!u>:.

f. All snlvage components niu.t bi' 'ivfj'! i.-j'nrjt-t v.ni:i -
of in accordance with Army Rrgu! iticns or t!:it<:::ciii3 uf tr.-' <
Ordntnee.

212. EQUIPMENT FOR »ARUICVl)K>.
a. Normally the equipmont f.-quiretl i-f VariiciUlot! (.-p-:.-:

consists of a suiti'.blc barricade, holding t!i". litt, ejfviniiiis <i«
menus of following the operation, niul method of wifly tfjfwuy
power required for the operation.

(1) A suitable barricade is one lluit will af?o,-(! (!•- r-i-ceawry
piolrction to personnel und property. Tbe location of tlio Vafric.sd*
should be such that it will equal or exceed the rnir.tr.n:ia tfcft-ty rf>*-

'.•f-.'-!'-'-: -'• • *n : •;'
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iTCKle, i . iny -:o;isi^ o; .^.i:'.r :oi:r. •:. .' v:?c ;;• ji- -.-:. :;.~..:i-.- :: ;.::>.'• :r
sn r.c :jy-,trl)ic bsso. r/i.-u'.'d in ;iv,-h :. :«.,:i!!.>r ;ii vj h.>i-i ;';-.• i;:.-i:« ;:i
a centcrcr-: iwiiiion so as to n-srny.- »'.:•• ;jr :^or -ipp!:cr.t:.oi! oi '.'.ic .jp.v-
j-.fl.-'p; *:v:c-.

(.1). A suitable .-ji-^ri-.-r--. . ' :••.••::• M^y be c •.vr?-..;;< o.- othvr v: ..;
ifci:.-::"d to ?.t '.iv- t:-:-.:i for :na "•.-:'.: ••:• ' c ;;-.T;C-.II-.'.!.

( • " ) A suiU-'Ke ;::.;?.-.s :•;:' iir.;.-:vi-.i.-:i ir.:y o-: ;'-.-."ii;:-.t.:; '.,v ;.
::iirvo: or i,:r:e:; DI ;;iir;or;; ioc;i;j:i ri :\; -o k?e :> s'-e ;. .v."-.':::!:i ;•.:- T
sufp ilic'aiice UOKI -in; opciiitio:;.

(5) A :\u;.-:.>i.: ;::e;;:cd ^( :.-:-:::-::::.:.Viin -X.'A-.T :n ihc -ii..>rv-.ir.:;
covice normally cor.-isu oi r sV:;^i! .•:::i".nii': •; ;:*:._••;'.: :I:s- h-uikj-.io
and ;!.(.i.M h.-iv.: a :j,v;n;v:? stop f . i - ::.' -5;;.;r •!;:!!•; i:-.-ii tc pr^vvnn :t;
bein^ biowji icrwsna -.hrc'.i^h t::-.1 '.vr:ii. in pvinv. -A •-.•• -:-:-i:c?:i.:n. ?;:-
sonntl should -:ot b; j:<fos<;c in n .-.'.irpo!. !i"o 'v::h s shoo -;.l icn
exwnr's tnrcush a bsrricnce.

, .
r !>:tc t-f liiU. iuho.'uM :i»-.-.it.-;:'oi:s •:;.:-..; ':.,•(:! ;:iii;!i:ji..':v ; (.-. •.
--n -?.-.-. cc-:-.v. f;w irr:i;v:d:aVt; probl.im ;s en JITIWI;:.-.: vhc

•

f^ AND ::l'l-r'l.l^. Tocls ;ii:ii iUL-.oiiss for aini-::.j.-.i- .
nor. r-r:ov:l-.:cn are listed in ORD 10 J?.M;j .-f-500-C-/. r.;id iiicrliiof:
In r.vl 0-1905. Ovner tcois and t -.ui-,-ir:e:it tl-at hr.v? to bo d.-i<-ne.l
should ^-.cet strength r;uuirer.ii:'-s ;-:i -.r.'!;:;-d at2::::-; -.hs in;:C'!uccicn
of .:t'?intc;\l, m.JcV.nical. or ;!oc:ri': h.= :.irijs over ar.ti . bovo ;l>j n:;r-
mal hajarri cf the £i.n."iun:(ion uuc i-^losivoc ^voivjii. '.vhcrn jx-
:xis«d v;xpicsive^ are iiivolveti. 0,o Vie of .^iecy :coU :iid jq-.jirji.ient.
which 'nay bs m»i;.e of iionsv,ar::i!:» .-iwia!.'. wcoil, or fiber; ii r-o.ii;-o<i.
'l'hi;i;5o o; oe^tni^ -.yr-is of :ior-:;.:r:c:r: :;:>l5 :-.rjs: :e ;u^:::.c-:s, >.t'v-
ever, jecsu'je -rift-ji:: :ype; jf noi-.i-Lvsrliini; m^'-ils may Jrrm ,-.!!^.itiv-?
»nit compounds -A-iih ,:iri:ii;i typss or rspio-;ivt--; ;or rcnrrjte, rhs v.sa
of any copper-b^arir.g :ncr.?.: v/U;-. s::piosives con'.a-niug nitrates.

.214. Pl.AiVW.r. OPF.
;i. !n p!ann:::i ilormai operations, '.he sotjisencs of opera'.ions

shoi-ici be considered in fou; seasr.it! ph;M2J (no: c;)nside:ir:q ?.w:-:-
mcnt to nnrt from sccra?e):

(1) DISASSEMBLY ORou?. rjeinovin? packing mnterir.ls, end tiis-

(2) REASSEMBLY CROW. All preparaticn for ,'i-.ri prc.-ir IDSS-

(3) J1M1SH GTO-JP. All r.£c.«'J.iy rscoiidit-cuin? .nirl ;*tiirnin?
of the items to their pack:-ee;;: with necessary pjcka--; nw-rking nnci

(4) DISPOSAL GROUP, uisposing of all iinserviceuble or unnrr.ble
cumponniit parts, waste explosives, etc., thiit mey accumulate during
renovation operations.

'.I'M

t: :3 «;-c::.oi

•M;>

:-!t :^r n.- . ;y,;r o!
..'. ill '::iiif,:er '•'. v.-iii '•-.: obr'rved.

ar-;:-:-;.;-,. ?'i 'v:.MiTixj;^ :,i::-;;;is ?:,;'.•:;
:; ,„• .,i:uH.i!.Ui.«, lots. A T-.!..C;: ?i:ol.!rt b<
;..: v.a^w c( *!;(: Ice oi n:;-.!iv.;;-.i.it::: :-,u'.v:v';rf
i jhouU! not ie firp-J if the lox ;niini;.r is nt.t
•'•"*••'.•. •.•.•r.i>:':i m?y .-i.T'.Ci ^he s-'ft:ty -i»ci fi'nc cf

«o« ,-.
^!,ance oiv.csr. if •.r.slfunci-cnir.g c-ccurs »mng_ f
^rt "i Hin -ir-muninon lot will he mdcfe =3 pr«c--"«

ar.a .r.c?i ;•.-.'.' .inn .'...••. ... .«..-<.-•
:n&r4e3t iuzc*. primers. ,nd projr«l«:

 a^..
tion and toiding ol praccfce ammuortion, ...

for firiivj, '-

, - ?. .
A.. ,^

nrnn.alin or other covenns- > •*
-.ir'.r.roush 5nd ,„ all -,W« oi ̂  stack,
,Croctly hi,. ?re«uro, .nay result from
<V;ii,e-ohoS,:,-orus shell wul ce s

of tl,; projectile down, altnougn «
-o .-xeeeri 105^ F, this precaution a
o, „„ com^rnte -'eria,, aw,y t r o m r s o r

;s,ot cupped
.;,, 8 |pftc2 ci,,^

8nuj,uoi-

';:iv«;pe»srfl'*̂
^••rT*;W '̂J?^>:Pr'i:V^to^^^^^
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•.vili be- i'c.iusv.1. ill

c. ."imo!:in;».
iV/;iii!3

f.

750-10.

*.lfc of any
:i: vic-:ii..y oi

Circ' v.
. or ru;.'j

by nnv-:-!. • har.oli:;' . cr in th<: v;(.:ai:y of.
i-; :.v:'i.Mi'.:' . •'..

; (ji:.:r lha:; approv?:' '.-.u-' • rr:.. .jr
-ii .-.'3 <->; •••i:;yJniibn ::• •;. .-o':\oi;o-.'.

S; t.i.V-.-i roi (o r.'.-o;. _r«:--<!i/.;s.

noi c--- .ijion'crj to .nri'A:e iwfftl-.-ir. i'.il v.l-.'jy p.-;;ML.pi.:or'
;t.-jjr;u,':i;t/o;i ^iveri in Tsvs'tnic^i :'Va."t;^/o :.-:ti ;n thi;
fci rigidly ooiei v*a.

• ii. I'uclviiii;?.' J/foi:iiOTc-i-;:-isii:i; i . ;U .; ;;;u:.-:j.:
shoi:U! not bo brokni: unt i l ^'i^ in;:::i:;:i;i jri ;s r*^i':
Xjw.ds should nni b? •.vitJidi'i.v.-n !':••-• :n •.-.:ni.-.in£rs '.
ff:£;dy to bo iir^i.: unlcis i:ho ̂ ir.̂ .T.'.i'.i;:-:'."1. :.s CO b3 i.'j
into the caiiiori. Safsiy aevicjs o-.i f«7i-s will r-e
b«icre nrir:.; and. st no ochor time. v-oinpor.oi:u o: rci
for firing hue not ^irici \viil be r^vJi'p.F.ci to *.hi-ir orr^ir.r.'. cor:C:ir.'j:;
and _5?.okmgs and apprcnriuceiy nnar/.iri ii:ii reseJie-i. S'jvh cciu-
piiKi'.u .vi!l ta us:;d Srrt in subs^urnc Sriivjs in nrr.*:r :!:j; ;;c>:k3
•jc C'wO::ra packing1; r.lay ho k*?j:t ac r. mir.inn'.rx

i. (^ti\inliii«'^!?. Th«? contplvt^ round or .'cch TcmpO'.^.eiir .ihottlj
h(? ir.s'.:ei::^d by a rneiubt;!' oc i':'.i3 ;V-'-r> c: -v.* icr ours, :??r.r5, .j; -v;;i.
(iirt. praise, inci ocher ;i\at?ria)s c^forcr !(>a-:'!T5 into ".!;*; ^^;i. A cl->-:h
sViouid hp Icepc nearby !'or wiping oif ^rensa. dirt, and foreign msite:.
Ammunition musi be clean and :'ree ironi Cents, which '•'ill :ntw:tri
with proper seating oi ;hc round, bffiors it is olacj'i in :he -.vofipoii.

SIT. oEMCJJAi. i'KK(:..\i!'no>::? n( HIM; A:;O AI-T KR FI«I:-;G.
a. Oi'l'ecls :inil nuilfiinciioniiii;?. AI? 750-10 provides ;hc:t :i!l

oScors havin? •.•har«;s of tiring inu-ri inak1; ;i report to the. local
ordnance oiticir of any ordnance materiel i?site».l co ths trcoLS v/h'.c'̂
malfunctions in firinc. or r';veais dei'ects either ir. nrin.; -vr in ::'.'jr?. i-;.
including such .iialuinction? and clefscts as are r.oted in targ«-p:'ac£;.c?
reports. !t is the duty oi the local urr'nanee offseor to invos;in;ats
all cases oi malfunctioning and defects observed by him or reports.!
to him, an-:! to report serious cajea tc the Chief of Ordnance through
the service command ordnance om<:er. Whenever nn ::coidr;!i! occurs
which rssulti in injury to personnel or damage to niaierit-i. the lot
of aintni'iiition '.vill be suspended from use nr.d an immediate report
will t:o made directly to the Chief of Ordnance by :he ordnance

3 V'T (•:-.. L-:' ..'.:• v : • • ' : • « ' ' • • ' • ' . '
r . - . r • , . - . • : - :::!:::.:""• -H i; : = ;nl » -nvr .T '.'.. • • ' • • " " - • • - ; •
"•'•'I; ;:.".'.(.:-. :icr:j?? •: M-:u'v;xr poti-/>:i-.l::' ? \.""; i'" J'C '*"»•'

.. -
i!.!ti: ;:n- i-rriv:ii oi .in ir.vi ;.:^lin:; oit

!>. Pr.»i-<:U«ii oi |i.-'.

. . .
ti-ii'. orhsr tiwn smo!«e is Pr-'i. s!l p.:irc-:;s '.viil iv: ,;-ovi.;.'i with
,:«,: ::iask-. C-.nr.il: AU 750-10 for tejulriioi:s ;!.v,. v.-.n,?. ilx- w

The

Mt Ui,«:;pi<:.^d I or,: i;. vi
, or•I, '?in'c*. .'. "i'.icl'.5 p. :ii:;chpr

.. •• 2r.;:ir.(ic. I; m;'.y ivsul'. i'rcm ^•-:^--T ... ..... .—_, ..- -
':f.im the uriicrov.'ipw ci fu^.r.s ill hip.ht: or from the cr'.iraci^i
ground ::t the ijint oi v.opact. Whensv»r a due! cm ba
ic.ca'.e-:'. rxiid. s::a'«ined without moving it, rui ePort iiioukl (;•
:o djiwraijie the cau.se 01 id's iniiyre. A dud is a scii!vc& i'.i
•ind if :mprop.;riy handled fr.f.y ^:«p!c'i; and injure.personnel.
;xT-'.tivr;!y sii^ht 'j'to'v or c'isi'orb^nce ::!i'.y causa it. w e.tplode.
;no;;id ba •.ici-:.;oy*d ,11 ;i&!-s .'for r.v::\\r1,-:i u; d:;tr',:yi;".; ;;

;::r -i).

of the
ren'diiy

21!}.. !:-,v;Ai,'...Atv,n.7 .-VIT,,..,.,....,„...
«. l(isi>i'i-li'>ii. Small-arms animuniiion \v-ll be sxrrnintd bbiote

;t:uis. The procaiivre 'or jx.ur.iristiou in-.ti ihe djircts'td I'Dok for
:r> '-.escribed i;i VM 0-i950. V/DST3 ;)-.-."vii«r -! co;:t:Mns :vs«-!tb.i
in:v>rniation >:onc/!rni!''?; ':io ̂ i'^.dir,^ of smail-arrrs f-mmuriii"'on .^mi
the disposition oi fired components end up.seiviixable rounds in
;.ccoi.ii'.!ic:i -vith AR 775-10. Lots havint; more- chart 5 p*r.:ehi o-
iefect'v.; c.-.ttiidges will bo subjecied to 100-p3'.-::?n! «ji;:pst:tior\. rlefec-

tive rounds culled out, the serviceable cartridges :tf.:>.c'.c«/.l prior to
issue, and rup>n made co :Ii? Chief of -Ordnjr.ce. Normally, sir.all-
arnis ammuni'.ion wilt have no visnifil •$ .-Itcts uniiHs it has !|e;-n t'-orc^l
/or n considernbie period; ammunition \vidi less than 5 percent
visibly defective rounds may ba issued without 100-percer.i inspcc'-
tion. If !*0 percent or aiore ar'j defective, the lot .is'withdrawn from

:7tiii o. j.a. 15 wi". • • • .

' ' '' • '• '•' ' ; : ' v - . ' ' • • ' • ''
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Par. 218 TM 9-1900
Care, Hand/inland Preservation

service and held for disposition. The post ordnance officer should > ;

see that the troops are instructed as to the kinds of visible defects '
which can be readily detected and the correct manner in which to ' • ' . -
cull ammunition. Particular attention should be paid to incipient \ •'."
cracks which are not easily detected unless the thumb a pressed • • : ' ' .
against the bullet, thus exposing the crack in the cartridge cast.
Defective cartridges will be considered as grade 3 ammunition. ••

li. Identification. Since different types of small-arms ammuni- '
tion.are of similar appearance, the kind of ammunition being issued
will be strictly checked from the markings on the packing.

e. Firing blank cartridge!. Blank cartridges should not be fired '
ct a representative enemy at distances less than 20 yards, as the
wad or paper cup may fail to break up.

<1. Misfire* and hangfirci.
(1) For procedure in the event of an apparent misfire, see chap- •.

ter 2, section I. . - •
(2) When a hangfire occurs, in any lot, its use should be sus-

pended and n report will be made as prescribed in AR 750-10 to
the post ordnance officer, giving the number of the lot involved.
The ammunition lot thus affected will be withdrawn and replaced
by serviceable ammunition. . • •

e. Lnd;:ed bullets. When a bullet lodges in the bore of a rifle,
pistol, or machine gun, it should be removed by the application of
pressure from the muzzle end of the weapon. To attempt to sboat
ids bullet out with another caitrirl&c. is extremity dangerous and
therefore prohibited. .

f. Defective rounds. Dented cartridges, cartridges with locsc
bullets, or otherwise defective rounds should not be fired.

g. Misfire* in blank firing. Misfires in which the primer ex-
plodes but fails to ignite tht powdsr charge have proved dangerous
in firing automatic nuns with blank-firing attachments. Some of the
powder is blown into the bore mid becomes lodged in the blanl:-
(iring attachments. A scries of such rounds will cause an «ccumuln-
lioti of powder sufficient to result in serious damage when ignited
by !> normal cartridge. Wh^n misfires in excess of 5 percent occur
in firing U'iink cartridges, the firinu of that lot of ammunition will
be suspended nnd reported to the Chief of Ordnance.

li. Armor-piercing ammunition. The USB of ermor-piercins
csrtrirHjw: is prohibited in demonstrations "in which tanks tako part.
When using armor-piercing ammunition, the cores of bullet's wliich
f."il to penetrate will rebound The rndiur. of rebound depends on
several factors but may bo estimated as n maximum of 100 yards
for caliber .30 and 200 yards for ralibcr .50 armor-piercing
ammunition. . . : • .• ;

TM 9-1900
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' • , ' • • ' • • >V''*:'.v' >- '̂;f^V"'."^C->^*''V.̂ ^if̂ 'vtV'-'̂ -^> '̂.̂ .'.
•' . . , I. ; Protection of nniniutiUloh; KAfter/a'cpYi^

; is opened and cartridges;issued, each;man'should ,i{aIc6-Swe?i
own ammunition.-The primer.shouid'-ibe^rdt^^yi'fori^bfe
sharp instruments, as such a b)<

j. Use of oil or grease. ' Trie use
'..-' prohibited. These agents cause ;̂.!"'"

- automatic weapons and produce ,e
on the rifle bolts ^ —--..•i-ui'i
restriction is not a,̂ ..̂ .̂̂  — — .. . . ._.__.

' • ; • " • : • • - • ; ; • • - • • ' • • . ' • ' • ' •.'•:• ^V^ '̂̂ Hf̂ ^vWĵ B^M^
; 219.;-- AnTIU.ERYr AMMUPf̂ f̂ ^^V:̂ ;̂-̂ !;̂ ;̂ ^^^
. a. Exmnination. Beforft firing, reptesenta'tiye saiiiiples^rortvieacriri

lot of ammunition should be examiitedV for visible jî ŝi'sjuch;"
exudation, corroded'fuzes, looseness of projectiles in; cartridgelcaV,,
damaged rotating bands, and excessive moisture and,d»m'pne3S,i«tc
If these defects are likely to cause difficulty wri^r>vtiieifu?^|is(.se
or the round is leaded into the g^ny or|6.ues(i()iije'xî :as>tp\̂ hi
safety and functioning of the arntnunition, it; thouk5:-nbt>rj«^;'usk.
until it hn? been examined by the service coinrriaM'6rdr^i»ctf;rJrB(!ei
or his assistants. . Care should be used in concle'iiuiirig^arrirniinitioW
from use, us shell which are i6xudine.sligritl(y;«n;&^devi^irei^ |̂̂
able as prescribed 'in V/n ber^Hmjmt ;'Su l̂yV ̂ fê ris;̂ |(̂ e|i



vsryir.;; iv:i':;'h an;' '..;?r.:,ity ri';'.i'.:c. t'; o.Mii;:.f:::s r.v.:r; '<.•: t;.'.:«:i •::>
-rc-Y'.-rv til-.- .;:-r:i2 tr;<ni ri.'ac';ii':v .• .vv/ ;.r-, f::»ili;..--; T^"::-;^, o.: ".-Ml :•.;
to prevent .;^-iiour. '•>i:rn:; to the !.. -. -.••.•'•! <':-;:i;l.

(3) Bl.£Nl>lMU. Prcpe'.lim;; i:'.-i.iry:s wi l l !K? iire.i ;'s re-'jivt;!.
I-k-ndir.K will not be resorted to excerr-t in special cas^s v/hrre livs
n^c^s'-'ity therefor hj.s r-:*n copiovi.-d by th.* C.'i?f of Ordnance,
v/ho *.viil f.jsfni.ih :h^ P.e*:?:^0->v .".si;v.c'.ions.

(,-?) KBMATit: AMD EXCESSIVc .>SESii.-:-S..i. \\T. ;•::.: f.r?:.,;.--;s or
r^n^'.'i ii'.ay be vi:je to <:e\ .•rr.',-:-\'.ii'j ;ii\ii:oni:'.:{ •rr.-v.-^'.s. >i::prcpor
ir.nition of the proct'llin-j chsrg's. f'"»fst:'.iv.; or looie louv.ir.ij bniris,
tun*, in fho case of scoaiato-ioaoiiv;, r.inr.v.miiicrj. !;tv.>rop'.*r '.vrapoinv.
or lacing o; the chirue. rixcs:'j:.v« ;j/.'s«ures ar.; lix:-Iy t) devc'rp
if IRC Jir.:ne:?r ai tlie prvj'Uir;; .;h-irse is altsrc-.i M:- .•>: to pr-?vc:u
tiie projection of the Hams ironi ;'n>> i;iii;*r to the iron; of tr.t
powder charts. I'cr ! Ji thor insoriMP.ticn. ?<->.• .-vl? 750-10. Ail po'-vijar
lots gi'/i.-M' ^:(ct^s pi'P!;s:Jr-:3 ihoui'1. h*: i.Ttmedia.ieiy s'.'.!»;i^ndc-cl i;T-r:\
use, pending instructions from tiic Chi^f f>f Orcinsiice.

(S') M A X I M U M KANCSS. The '.-:-rrn "supercharge" is pur 1:05»lv
uiw-.i in rafevring '.o rhe prorsllino i:ha:-g» it-iuircd to give maximum
range. It cannot be too ^itro'Uily ^!nphasij:e-'J that tho "rorrna! charM*;"
jh.ould be us3>J always vvithin ::ie rana.es ob;£irab'i2, and that ti;e
use 01 supercharges ,-nv.si be avoiriod except •.vhere maxin^.u::! .-si,;;e>
ar» necessary. If this is :iot •:G:rpii-_":i .vith. e.tceisive 'vear oi the
juns will result. With muilissction propelling char-jes, the ':oir.p'ietc
charge is useci \vhen supercharge is dcsire'i; only che basj sectic.ii
and such lower zone increments ?.s may be r«nuired are us*:d :n the
lower and intermediate ranges. Wh.»-:e ihc charge is of base nnd
increment typa, oniy the base ciMrje is 'ised when the normal charge
is desired.

(6) ICNITEBS.
(3) When loading the separate-loiiding propelling charge into

the gun, be sure that -in igniter is always on the end o( the charge
toward the breech. The cloth used for assembling igniters is dyed
red and indicates clearly the end wiiich should be at the rear of
the chamber. The red dye also indicates that the igniter contains
black powder. Undyed igniter cloth has been used, however, for
some propelling charges now/ ;n the service. In this cose the igniter
end can be identified by the quilting used to hold the black powder
in position and by the words "IGNITING POWDER" stenciled on
the igniter.

(b) Propelling charges should not be placed in the gun with the
igniter fastened to them by safety pins. Before firing, the safety
pins should be removed and the igniter pad attached to the charge
by sewing, the stitching being caught in at least three places, 120
degrees apart.

.? the ;:i:n:tic'.' to _ja •
lus 'V,;>i' :"- • :rnr:i;
... ...:.-.. ..:,...,.,.,- .t.

bis

d:-! will r.:r,:ov.;d :;ijm

. die
^. to

•u 'oi.diii!; ur'FXtntrllngi.Rininnilin)!.
(1) !M:'!:cu!tics in loruling or extracting r.nirnu.iiiicti liirty

:,> .-linier! or ':ulgod -rartridije rzsez, vr ;o ton.-wfn Matarir:!
chamber cr bore o{ ;ivr gun. When iliv :: Jruitiij.! cats is !
c-xirf.ct. 'in in>p-ict:o!i of th? ch.'imber should be mode to oe
whether £h«: ct;j:n!:er is Vov.!ecl, jc.wei/. or piiteil. I' i: <:'Ioii!a^',:il
r.::n t:e resciily c!;;T.it:J; buc !:' it is pitted or scored, a report i?:o lid
b-- tp.-a<ie ;o She post ordnanc? olncar. '>"»:: use ol c t-noi io strike
;ho bos? 01 a csrtfirlne C"Sc to clicr.iber ;our,Ji !s pro'iibi.'ec. Pi:-
sonr.i.-l sr.ov.U: b:- ;>rrjt.>ct!>'J in case v foimc is parciflly chan'hLT'.'c!
r.nd the bi £?'-hblork is cornnlr-tely closed. In r. heati-i ' --Iirir .VM'.
ignition of the propo'.Unt pov/dcr n.ny occur. .

( -J) If .n. pr.i l tctil? cannoi r,o :'eac:t!y 3.xtrac:t'l i'l'C-m the j',fn or i!
n proif-Ctite ^"-.cjiiies sepErated frorn the Oc'ltridr.e «:ase 7/hirn *l»ft
breech is openo-1, it should be fir«d out, if tO:,-ibl<!, pattidtkTly if
the cartridge case v.ill slip over 'he bc.sc of the proiecrile and will
chamber in ;'ae normal position. If the '.'arti'id^e cnst- 'vill-not slip
over tha base of tns projectile, the cartridge case should be shortened :-;:
ins nccesoary minimum .'.mount: -vhen ;his is donc.'a-'reduced charae ''
should be used (approximately hnlf of a normal charge). b-.'caurj of
the reduced obturation, particular care being taken that-the'point "'•
of impact of the projeciiie :s such as not to endanger persbnr.sl or •;.
propijrty. "f this is not possible, the projectile should be removed 4-;,-..
under the direct supervision of an officer, using a rammer' which ':>-
bears only on'the projectile and provides :or clearance around; the ";-.
fuze. • . - . ,-. • . , ' i " . - . - . • • • : • - • • ;>'\."..';.. •'

(2) If a rammer is used, extreme.cate should be'exercised'.to •A.i"-1

prevent any force from being applied again.''! the fuze. The Edwards •'
rnmnie-r. designated as RAMMER, unloading, Ml, is provided' foi ' •;
this purpose for use with 75-min point-fuie<i projectiles, (fig. 163). : • - • '

(4) The removal of the projectile, Whether by firing .our or.by:;;^'.
ramming, should be done under the direct supervision:of an.oScer.;.>:V;.

f. Muiirra. When a misfire occurs,/thc/foll6wiiig' ^fecautioni.:-^ ^
will be observed: ; ; • " ' ' ; ]' •:'"'. 'V'.''. •'• '..-"!'./ '• '}:••'$ ''&:- •

(1) FIXED oR''SEMiP«XEp,AKiMUiiifiioJi^T|wV-WOTpto-;Mli'-fe"J'^
made to tire, except in the'case 61: guriS;̂  whicK;:cannot•be'tecockfc^'y^':
»ithmit ooening -the breech. Upon • taiiiire: to fire^ for '30'. 5econds<;-V;:! ;j£

- .. •• i.-... v _-^' ̂ UiiiWi to'.'removiiV^vV
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;;;;; fivr'd from a hot tub* within 45 s.vo.ids cfctr the 01;
nii.,r:rf, .ia:»'. sho'.'V. '•„'-: pl-r.id on tlif: fcar rM until it is c?ol.
s.•.;.-:-,( •.:.-.••.« to :-:-ii:ovc a ir.isfii ..\l roii.i.-.', oi nxt-1 amnuiiiif.ir.. k
!).;twe«ii 'JO nnd •!.> seccrnls nder i;s xcuii•»»,•*.

('.'.) 3KP.'.SATE-!.OAWMO AMMUNITION.
(a) Two attempts will be made to lire the primer before ix may

ho removed. If the prhr.or is heard to fire, a minimum of 60 seconds •
will be allowed tieicre the breocli may bs otienod nnd the faulty
charge removal1.. The faulty chare? mu',; h* s'.tfed ;cpan.'tely from
othiir chari'i^o. : .

fb) If the primer is not heard to fire, two more attempts to
fire will be mr.de. Then proceed cs follows: i

/. If the primer c?n be removed by a person standing clear of
the path ot recoil, aftar 2 minutes have elapsed, tha primer may
be remcvod and a new one inserted. If the second primsr fails, 10
iiitnutsi should be allowed to pass snri ;!:fin th-i hreerh r*iay be

opened.
2. If the primer cannot be removed ?aiely as d«!icrib£<i above, no

aiternpt will be made to opan the breech or iepla>;c tiw primer for 10

minute!:.(c^ Misfire primers should be handled carefully and disposed
of quickly, owimj to the chance of a primer haiigfire. Further infor- '
inatinn will be found .in AR 750-10 and the Technical Manuals and
Field Manuals pertaining to the piece. . ' • '

« . Fuzes. ' . ' ; . . ' . - ' ; ,
(1) Extreme care must be f«ken in handling ana" assembling

fuzej fo shell or bombs.. All fuzes mtisf be treated as delicate rr.ech&\
nisms. The ;orces which ar;n a lute on firinrf a we«pon can be sirriu- ;•
fated by rolling or dropping, and a fuze so armed may be/functioned ;
by the impaci ol a blow or by dropping. , . , ^ ,

(2) In the assembly of fuzes and projectiles, the fuze body,/
Threads, adapter, and fuze cavity must be inspected to insure .that:'
grit, grease, or other foreign material is not present This is necessary;.
for proper seating of the fuze without the use of excessive force..-
Cleaning of the fuze cavity should be accomplished with a piece of
cloth and a small stick which can be inserted into the cavity! ^"z*-'.
hole lifting plugs should hot be removed-except for inspection..or;
when the fuze is about to be inserted. . /.:... .,•'-,^.--';. jH';;; '-.;•''',

(3 )'. When ammunition or projectiles are issued fuzed, no attempt
will be made to remove the fuzes ;without,siiecUic ..authority and
instructions from the Chief of 6rdhance.;lr''-, •;; ?'. : J;'• j;;S'v^:: ^j, ;

(4) Fuzes will not be altered. Any "aitempt tolalter-br•'«&•»*-.
semble fuz« in the field is dangerbuj and is proh'toitea1 except 'tittiler
specific direction of" the C|hW-'rf':t)itlnlim<^:-.:;llte-')iii»ljr:.aii(lhori<ed
assembling or disassembly •'operations are .screwing'' th* ':fuze llito t|«s

"•• "•'-•.•''•.'. : • ' :-.::l':"tu'-[ ':.•.'.•''••'-.'Pvi''i/:;Xf/i;.'^i
.'•, ' '• ' ;:' • • " . • . ; • ' ' • . ' . : : . . . • . •'...'. ':- '.v-.'>' ;-~"''/..^V^-

. • '• -' '.•'.• ;-'*&'t ^•"•:*ii: •. r?'s/'--?•:'.?*< ^̂ .:;, ̂ -^Cjt^

.:;̂ ,.,::;..,:i,.̂ , ,V ^% /

^^;^:;-!il^fte:.!v-i^
;.,;\:r,,̂ .-:,-.:.v,̂ .̂ ,.i-.C:;%:,t%'•,..;-w$mm::



Par. 224 TM 9-1900

CHAPTER 4

DESTRUCTION OF AMMUNITION IN ZONE
OF THE INTERIOR

224. GENERAL.
a. General.
(1) The instructions set forth in this section are for destroying

limited quantities of explosives and ammunition. The term "limited"
is denned in subparagraph cl, below. When larger quantities are to
be destroyed or the instructions set forth cannot be complied with,
special instructions will be furnished by the Chief of Ordnance.

(2) Unserviceable ammunition, ammunition components, and ex-
plosives which constitute a hazard, cannot be salvaged, or are unfit
for their intended purpose and cannot be used to advantage for any
other purpose should be destroyed in accordance with existing regula-
tions. As a general rule at Class I, II, or III installation, the only
ammunition items requiring destruction are obsolete or deteriorated
ammunition (which may be considered together) and duds.

(3) Lumber which has been exposed to explosives and which
cannot be readily decontaminated should be destroyed by burning
only under conditions approved for safety. Examples of such lumber
are wooden sections of tanks, vats, hoods, pipe lines, etc., in which
hazardous material is impregnated. However, if wood has been ex-
posed to explosive material to a limited extent, it may be possible to
decontaminate it completely by washing or steaming.

I). Responsibility and procedure. Prior to destruction, an Am-
munition Condition Report (O.O. Form 517—formerly O.O. 7235)
will be submitted to the Chief of Ordnance in order that the disposi-
tion may be approved. This report will be prepared in accordance
with instructions on the reverse side of the form. An exception is
deteriorated explosives or ammunition which is found to be immedi-
ately dangerous to life or property; in such instances, disposition may
be made by order of the local commanding officer. The respon-
sibility for disposition is a function of the.inspector; the responsibility
for destruction is a function of the post ordnance officer. Where
local break-down of unserviceable ammunition is ordered, technical
instructions for the work will be furnished by the Chief of Ordnance.

e. Methods. Destruction of explosive material will be accom-
plished by burning, exploding, or dumping at sea, as specified below.
Burying of explosives or ammunition or dumping them into waste
places, pits, wells, marshes, shallow streams, or inland waterways is
absolutely prohibited; except that loose black powder (par. 227)
may be disposed of by dumping into a stream or body of water.
Methods for destruction are generally based on the number of units
to be destroyed, the size and nature of each unit, the facilities avail-
able, and the topography of the land.
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(I. Quantity of ammunition and explosives. By a "limited"
quantity of ammunition and explosives, this section refers to the
number of unexploded shell and other ammunition normally found
on a target range or in the field as an accumulation from firings or
other peacetime maneuvers. Larger quantities, generally referring to
ammunition resulting from deterioration in storage or from obsoles-
cence, are to be destroyed according to specific instructions from the
Chief of Ordnance.

e. Materials used in destroying liy explosion. Charges of
V2-pound blocks of TNT or sticks of dynamite are used. These are
set off either by time fuse (safety fuse) and a blasting cap, or by a
magneto and an electric blasting cap. In no case will "instantaneous"
fuse be used. For demolition purposes nitrostarch blocks have been
authorized as a substitute for TNT blocks. Nitrostarch is a hard
dense substance considerably more sensitive to friction and impact
than TNT. The crushing or breaking of the nitrostarch blocks is
hazardous. Dynamite is hot to be used in the destruction of duds.

f. Materials used in destroying by fire. Fires used in destroying
small ammunition components may be made from scrap lumber,
wood, or such material as excelsior. When components to be de-
stroyed are laid on the pile before lighting, the fire will be lit from
a distance by means of a train of inflammable material or by a charge
of black powder ignited with an electric squib.

g. Specific types. Information dealing with the particular type
to be destroyed will be found in the paragraphs following.

h. Demolition methods. For details of methods and procedure
of demolition work, consult FM 5-25.

225. DUMPING AT SEA.
n. When burning or detonation of explosives or ammunition is

impractical, dumping at sea at depths not less than 900 feet and not
less than 10 miles from shore is permitted. Before disposal, by dump-
ing in the sea, of any ammunition, every effort will be made to
salvage it for further use or reclamation of component parts. Dump-
ing in the sea will, in every instance, be done only upon War Depart-
ment order.

b. Navy, Coast Guard, and port authorities must be consulted
and their regulations regarding transfer and disposal of material of
this nature must be observed. Ammunition items must be removed
from containers before being dumped overboard. The location se-
lected for dumping should be appreciably deeper than surrounding
locations to preclude the possibility of ammunition being washed
toward the shore by tidal action.
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TM 9-1900
.•unition in Zone of tfie Interior

c. In transit, the boat or barge will display a large red flag at
least 10 feet above the deck and a competent person will be con-
stantly on the alert to warn approaching craft of danger. When
necessary, a War Department representative, who is familiar with the
hazards involved in handling' ammunition, will accompany commer-
cial vessels contracted to dump such material in the capacity of a
safety adviser.

226. SAFETY PRECAUTIONS.
a. General. Safety is the major consideration in destroying

ammunition and explosives. It is highly advisable to test all safety
devices beforehand by subjecting them to the severest test they may
be called upon to withstand, provided that such test is reasonable and
practicable. Only after safety requirements have been met should
salvage and economy be considered. It may be necessary to im-
provise apparatus to accomplish the desired results, and it is essential
that the destruction procedure be analyzed and planned in detail for
compliance with the general safety precautions in chapter 3, sec-
tion I. The general safety precautions that must always be complied
with in destroying ammunition are described below. '

I). Selection of site.
(1) FOR DESTRUCTION BY BURNING. The selection of a site for

destruction of explosives by burning should be based on the principle
of obtaining the maximum practicable distance from all magazines,
inhabited buildings, operating buildings, public highways, and rail-
ways. Consideration should be given to the direction of prevailing
winds. Wherever possible, natural barricades should be utilized be-
tween the burning site and operating buildings and magazines. The
burning site should be approximately inhabited-building distances
from all structures and public thoroughfares.

(2) FOR DESTRUCTION BY DETONATION. The selection of a site
for destruction of ammunition by detonation is based on the same
principles as in step (1), above. Such a site should be 3,600 feet
from public highways, public railways, inhabited buildings, magazines,
and operating buildings. Where this distance cannot be obtained, a
pit or trench should be used to limit the range of missiles. The 3,600-
foot limitation does not apply where substantially constructed de-
struction chambers are used. Pits will not be required when the
destruction takes place on an artillery range or similar site where a
cover of earth 2 feet thick should be used to limit the range of frag-
ments. Combustible rubbish should be destroyed at a location removed
from those places where explosives and explosive-contaminated ma-
terial are destroyed. Where limited space does not permit separate
burning grounds, a part of the explosive destruction may be reserved
for burning rubbish, provided the two areas are not operated simul-

301

TM.9-1900 Par. 226
___Destruction of Ammunition in Zone of the Interior_____

taneously. Such an area should be enclosed by a substantial wire
mesh, not over '/a-inch mesh.

c. Maintenance of grounds. All dry grass, leaves, and other
inflammable materials within a radius of 200 feet from the point of
destruction will be removed. Fire-fighting facilities for combating
grass fires should be kept readily available and, if practicable, the
ground at the point of destruction should be wet down with water
at the close of each day's operations. The use of concrete mats for
burning or detonation is not permitted.

(I. Protection for personnel. Personnel engaged in demolition
work should always have ample time to reach shelter affording sub-
stantial overhead cover and splinter-proof protection. The signal for
detonation should be given by the individual setting the blastings,
and only after all personnel in the vicinity are protected by substan-
tial cover or have reached a safe distance. If an electric blasting
machine is used, the wires will not be connected to the terminals
until all persons have reached cover and the person in charge of the
blasting is assured that the area is properly cleared of all personnel.
Dependent upon local conditions, temporary or permanent barricades
will be provided and safety distances will be observed by all persons.

e. Safely distance requirements for preparation of primers
and demolition charges. It is extremely important that personnel
take adequate precautions to prevent accidental explosions while
preparing primers for demolition activities. In addition to the gen-
eral safety precautions currently in force, the following safety rules
for the preparation of primers and demolition charges will be strictly
observed.

(1) Test-burning of time fuse (safety fuse), for determination of
rate of burning of the roll, will be done at a minimum safety dis-
tance of 25 feet from exposed blasting caps or explosives in the
direction toward which the air current is moving.

(2) Cutting square across end of time fuse (safety fuse), remove
and discard 2 or 3 inches of fuse from each roll.

(3) Cut off and test a 1-foot length from each roll for determina-
tion of burning time. All {use in the same roll should burn at a uni-
form rate, though rate of burning may vary from approximately 30
to 45 seconds per foot in different rolls.

(4) The supply of blasting caps for the required operation will
be at minimum of 25 feet from the supply of explosives.

(5) The preparation of nonelectric primers will be performed not
less than 25 feet from the supply of blasting caps or explosives.

(6) Cut sufficient time fuse (safety fuse) to permit firer to reach
a place of safety before the charge explodes.

(7) Select one nonelectric blasting cap, hold it open end down,
30»
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and shake gently to remove dirt or other foreign matter. Hold the
desired length of time fuse (safety fuse) vertical and gently slip the
cap down over the fuse until the explosive is in contact with the end
of the fuse. If the fuse appears too large to enter the blasting cap
easily, the end to enter the cap may be rolled between the fingers.
CAUTION: Do not use force.

(8) When the fuse is properly seated within the cap, place a
standard-type cap crimper over the cap at the fuse end; hold by the
fuse and crimp cap to fuse.

(9) No more than six blasting caps will be permitted at the site
selected for preparation of primers at any one time.

(10) The priming of explosives will be performed at a distance
of not less than 25 feet from the site of any other permissible storage
or operation point involved in connection with the preparation of
primers and demolition charges.

(11) Not more than one primed charge of explosives will be
permitted at any site at any one time.

(12) The preparation of primers and the priming of explosives
will not be performed in advance of requirements for use of same,
in view of possible atmospheric effects.

(13) Bring to the site of the operation only sufficient explosives
to meet the requirement of the operation involved.

f. Removal from containers. Explosives or ammunition to be
destroyed by burning will be removed from containers, as any attempt
to burn explosives or ammunition under even slight confinement may
result in an explosion or detonation.

g. Determining quantity to be destroyed. The quantity of
material to be destroyed at one time will depend upon local condi-
tions. • This quantity will be carefully determined by starting with a
limited number and then gradually increasing that number until the
maximum which can be destroyed without damage to surrounding
property or causing disturbance to civilian areas is determined. The
responsible individual will make sure before he gives the signal for
detonation that there is no unauthorized person in the danger area
and that all authorized persons are protected by adequate distance
and cover.

h. Collection of unexploded ammunition. As some types of
ammunition are comparatively difficult to explode, a search of the
surrounding grounds should be made after each blast and any ma-
terial which has been thrown from the pit and not detonated should
be collected and included with the next charge to be destroyed.

1. Segregation of material awaiting destruction. Explosives or
ammunition awaiting destruction will not be piled within 200 feet of
the point of destruction and will be protected from grass fires, burn-
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ing embers, and flying fragments. All dry grass, leaves, and other
inflammable material will be removed from the area within a radius
of 50 feet of the pile.

j. Caution against re-ignition. In repeating burning operations,
care will be taken to guard against material being ignited from burn-
ing residue or heat in the ground.

k. Improvising. The use of improvised methods for exploding
blasting caps is prohibited.

1. Misfires. In case of a misfire, personnel will not approach the
pit, trench, or point of detonation until a period of 30 minutes has
elapsed.

in. Use of trained personnel. Destruction of ammunition will
never be attempted by inexperienced or untrained personnel. The
number of personnel engaged in such operations will be kept at a
minimum consistent with safety, but no person will be permitted to
work alone.

n. Guarding demolition area. Guards, safety signals, and warn-
ing signs will be used as required to keep unauthorized personnel
from danger areas during destruction operations.

o. Additional Instructions. In the absence of specific regulations
or information covering any phase of the destruction of explosive
material, instructions will be requested from the Chief of Ordnance.

227. BULK EXPLOSIVES.
a. Black powder. The safest method of destroying black powder

is to dump it in a stream or body of water; if no suitable body of
water is convenient, it may be burned. Only tools of wood or non-
sparking metal will be used in opening the containers. The contents
of one container only will be burned at one time provided that quan-
tity does not exceed 50 pounds. The powder must be removed from
the container and spread out on the ground in a train about 2 inches
wide, care being taken that no part of the train parallels another
part except at a distance of more than 10 feet. A train of inflam-
mable material, such as excelsior, about 25 feet long and extending
to windward must be used to ignite the powder, as the resulting flare
of explosion is so quick that there will be no opportunity to withdraw.
The emptied containers will be thoroughly washed on the inside
with water, as serious explosions have occurred with supposedly
empty black-powder cans. Safety precautions, particularly those in
paragraph 226, should be observed. Wet black powder on drying
may resume its explosive properties.

h. TINT, explosive D, and tetry) will be destroyed by burning.
They must not be dumped into water, as they poison it. The explo-
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sive to be burned will be removed from containers and spread in a
thin layer, not more than 3 or 4 inches thick, on another layer of
inflammable material, such as excelsior. A train of inflammable
material will be used to ignite the explosive. Safety precautions in
paragraph 226 should be observed. High explosives should not be
burned in lump form. If explosives must be burned in lump form,
the quantities should be less than stipulated below for loose explo-
sives, and an explosion may occur. Instances are on record of explo-
sives below (which in most instances burn), detonating while being
burned. The maximum amounts of loose high explosives which may
be burned at one time shall be limited as follows:

(1) DNT, TNT, explosive D—500 pounds.
(2) Pentolite, tetrytol—250 pounds.
(3) Tetryl, composition A, B, and C, RDX, haleite—50 pounds.
o. Smokeless powder. Small quantities of smokeless powder (a

few boxes) up to 500 ptJunds may be destroyed with safety if the
powder is removed from the containers and spread out on bare
ground in a train of limited width and thickness dependent upon the
granulation of the powder. A train of inflammable material about
25 feet long on the windward side, should be used to ignite the
powder; this allows personnel sufficient time to get away from the
intense heat which is generated when smokeless powder burns. Safety
precautions in paragraph 226 should be observed.

<l. Dynamite. Not more than 100 pounds are to be destroyed by
burning at one time. To destroy by burning, dynamite cartridges,
except frozen cartridges, should be slit lengthwise into halves with an
ordinary knife; knives with closing blades should not be used. The
slit cartridges are placed in a single layer, not greater in width than
the length of one cartridge, on hay, excelsior, or other combustible
material. The combustible train should be of sufficient length to
allow .personnel to reach cover or a safe distance before the dynamite
begins to burn. The dynamite containers should be burned at the
same time. Dynamite awaiting destruction should be shielded from
the direct rays of the sun. Frozen- cartridges shall be carefully
thawed, in accordance with instructions contained in FM 5-25, prior
to burning.

e. Oilier explosives. If it is necessary to destroy other explo-
sives, such as mercury fulminate, lead azide, picric acid, etc., special
instructions will be requested from the Chief of Ordnance.
228. SEPARATE-LOADING PROPELLING CHARGES. Extreme
precautions will be taken against sparks. The smokeless powder
charges will be removed to the burning ground before being opened.
There the powder will be removed from the bag by cutting one of the
seams, care being taken not to disturb the black-powder igniting
charge. The empty bag and igniter should be immediately and com-
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pletely submerged in water and the igniter cut open under water.
The smokeless powder will be burned as described in paragraph
227 c. The igniter and cartridge bags, after having been thoroughly
soaked in water for at least 72 hours, should be removed and allowed
to dry in the open; they may then be burned in a pit or trench. Soak-
ing in water is absolutely necessary because the confinement of the
black powder by the powder bag, slight as it may be, is sufficient to
cause explosion and projection of the burning bags and igniters to
distances of 200 feet or more. Bags and igniters awaiting destruction
by fire must be kept in a securely closed container. It is permissible,
when practicable, to destroy bags and igniters by dumping them in a
body of water after the propellent powder has been removed and
the various sections of the quilted igniter are cut open while the bag
and igniter are still submerged in water. This cutting is necessary
to release air trapped in the quilted igniter sections, which would
cause the bags and igniters to float on top of the water.

229. ARTILLERY SHELL.
a. The following general instructions for destroying artillery shell

by detonation also apply to bombs, mortar shell, rocket shell sepa-
rated from their motors, and other relatively large components con-
taining high explosive. However, it must be kept in mind that bombs,
mortar shell, rocket shell, and antitank mines are composed of as
much as 60 percent by weight of explosive and have relatively thin
walls, as compared with the 10 to 15 percent of explosive and the rela-
tively heavy walls of artillery shell. Therefore, the number of units of
bombs, mortar shell, rocket shell, and mines destroyed in one operation
should be reduced accordingly. Shaped charges require extreme care
in destruction and should be accomplished in small quantities or
singly. Fixed shell and rocket shell (heads) will be disassembled
from complete rounds and destroyed in the same manner as separate-
loading shell (see below). Before undertaking any demolition opera-
tion, the proposed procedure will be checked against the safety pre-
cautions prescribed in paragraph 226.

1>. The following general instructions contemplate the use of a pit
or bombproof hut. An artillery range or similar site, when available,
may be used. Note especially paragraph 226 b (2).

c. The projectile to be destroyed will be placed on its side in a
trench or pit about 4 feet deep. The number of TNT blocks (or
their equivalent) specified in the following table will be placed in
contact with the side of the projectile and held in position by earth.
packed around the projectile. The TNT block is placed on its side;
if two blocks are used, one is placed on top of the other. If three
blocks are used, two are placed close together on the shell and the
third on top of these. If five blocks are used, there will be two layers
of two blocks each, with a fifth on top. The demolition blocks are
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detonated by means of an electric blasting cap or miner's safety fuse
and cap.

DESTRUCTION OF SHEll BY DETONATION

Colibir *l Stnll T« It D«llr«y<d

37-mm, 57-mm
7S-mm, 76-mm, 3-inch
120-mm, 155-mm, 6-inch
8-inch, 240-mm
10-inch, 12-inch
14-inch, 16-inch______

N>. .1 Vj.p*w<4 TNT Mockt
•f T(itl> IqvlvoUnt

«l. One end of the required length of time fuse (safety fuse)
(par. 226 e) will be cut and inserted in a C of E special blasting
cap until it just touches the charge. The cap will then be lightly
crimped to the fuse with a fuse crimper or suitable tool, care being
taken not to press the fuse too tightly against the fulminate charge
of the blasting cap. A No. 8 electric blasting cap with the necessary
length of lead wire and a hand exploder may be used instead of the
blasting cap with miner's safety fuse. The blasting cap will be placed
in the hole drilled in the TNT block (the top block when more than
one block is used), and if necessary tied around it to hold it securely
in place. In no case should a cap weaker than the ordinary commer-
cial No. 8 blasting cap be used.

e. In case of a misfire, the precaution in paragraph 2261 should
be observed. After the blast, comply with paragraph 226 h.

f. Point-fuzed shell fitted with Mark series adapters and boosters
can be detonated without the use of TNT blocks. A No. 8 blasting
cap securely held in place in the fuze cavity with a small amount
of mud packed around the top of the cap will usually insure com-
plete detonation of loaded shell.

230. BLANK AMMUNITION FOR CANNON. Rounds of blank
ammunition which have misfired will be destroyed locally under the
supervision of a commissioned officer or personnel designated for
this purpose by the service command ordnance officer. All precau-
tions for handling black powder, chapter 1, section IV, and for destroy-
ing ammunition, paragraphs 226 and 227, should be observed. An
extractor (brass) having a wood-screw thread can be used to remove
the closing cap and wad; the black powder pellets may be removed
by tipping the cartridge case forward and catching them in the hand;
and the primer may be removed by .means of a press having a hollow
guide and/or ram to carry force of possible primer functioning away
from the operator. Before removing the primer with a press, be
sure that corrosion will not bind the primer and cause the application
of too much pressure. Also, be sure to take all possible precautions
to see that no powder dust adheres to the primer.
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231. BOMBS. Bombs should be destroyed in accordance with
paragraph 229. However, bombs have such thin walls and contain
so much more explosive than shell of corresponding weight and
usually detonate so completely that extreme precautions must be
taken to avoid structural damage to buildings and injuries to per-
sonnel. The destruction of bombs larger than 100 pounds should
not be undertaken without the specific approval of the Chief of
Ordnance. Bombs awaiting destruction should be segregated in
small piles 100 feet or more apart and at least 300 feet from the
detonating pit. Extreme precautions must be taken to protect bombs
awaiting destruction against accidental detonation by fire, fragments,
or sympathetic detonation.

232. MORTAR SHELL. Mortar shell should be destroyed in
accordance with the instructions in paragraph 229. Care will be
taken to limit the number destroyed at any one time and to protect
shell awaiting destruction from flying fragments.

233. ROCKET SHELL. Rocket shell, which are separated from
their motors, should be destroyed in accordance with the instructions
in paragraph 229. Care will be taken to limit the number destroyed
at one time and to protect shell awaiting destruction from flying
fragments. Rockets having motors attached thereto will be destroyed
in accordance with instructions from the Chief of Ordnance.

234. PENTOLITE- AND TETRYTOL-FILLED AMMUNITION.
a. Ammunition filled with pentolite or tetrytol have shaped

charges. These include high-explosive antitank shell, grenades, and
rocket shell, and demolition shaped charges. Extreme care should
be observed in destroying this type of ammunition, and the following
precautions should be observed:

(1) Only small quantities or single items should be destroyed
at one time.

(2) Fragmentation as well as blast effect should be expected
and guarded against. • ,

235. SMALL-ARMS AMMUNITION.
a. All unserviceable caliber .22 and shotgun ammunition will be

destroyed locally. Ordnance field representatives, within their juris-
diction, are charged with the disposition of all other unserviceable
small-arms ammunition and accumulations from firings. Reference
to WD SB 9-AMM 4 should be made for procedure to be followed
in disposition.

l». Small-arms ammunition should be destroyed in a pit which
is approximately 6 feet square and 4 feet deep. An inclined chute
such as a piece of 2-inch pipe should be provided, and this chute
should be placed so that one end is over the center of the pit and the
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other behind the barricade. Precautions should be taken to baffle
the open end behind the barricade so that the operator cannot look
down the pipe. A hot fire should be buitt in the pit, and then the
pit should be covered with a piece of sheet iron or other suitable
material to confine flying fragments. The cartridges should be fed
into the fire through the pipe, and care should be taken to prevent
an accumulation of unexploded ammunition in the pit. A furnace
or burning kettle designed to accomplish the above destruction by
burning is also satisfactory. Approved equipment and building
drawings showing barricades will be supplied by the Chief of Ord-
nance on request.

236. SMALL COMPONENTS EXCEPT PRIMERS.
a. These components, artillery and grenade fuzes, boosters, deto-

nators, and similar material, may be destroyed either by burning
or by detonating. For destruction of primers see paragraph 237.

h. In destruction by burning, the same instructions given in
paragraph 235 li for the destruction of small-arms ammunition should
be followed. Caution should be exercised in introducing components
into the fire because normal action cannot be expected under intense
heat. The explosion of a previously introduced component should
be heard before introducing another.

c. When destroying these components by detonation, a small
number of components, depending upon the type and kind, should
be placed in contact with one another in an open container. This
container should then be placed in a pit or trench approximately
4 feet deep. On top of each container and in contact with the
components, one or more TNT blocks fitted with an electric blasting
cap or with a C of E special blasting cap and time fuse (safety fuse)
should be placed. The pit should then be covered with a layer
of logs and earth or other suitable cover, and the components
should then be detonated in accordance with the safety precautions
outlined in paragraphs 224 and 226.

(I. The following method of destruction of unserviceable HE
antitank mine fuzes should be followed:

(1) The available safety distances will determine the number of
fuzes that may be destroyed at one time (based on actual fragment
distances reported from destruction of fuzes in quantities) together
with recommended minimum safety distances for each, as set forth
below:

(a) Where pile is covered with earth (2 feet) ̂
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Ne. .< Fuiei
12
56

152
702

Fragment Dlttaflce
lapprenlmvte yerrfll

200
350
525
525

iecemmended Safely Oi*ten<e
Imlnlmvm yarrftl

400
525
800
800

(b) Where pile is not covered with earth:

No. el fwiet

702*

Fra9*n*nt DUtanc*
lvppr«vimat« yordil

800

R«<ftmm*nrf*d SoUfy OUlanc*
(minimum yardtl

1200
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(2) Between storage point and destruction area, handle all fuzes
with striker end up; exercise extreme care and caution.

(3) Make a double pyramid pile of the quantity selected for
destruction; the bottom row should be on level ground or on a
wooden board of sufficient length to carry the bottom row of the
pile. Place the fuzes on the side with the rows base to base, in
intimate contact, and with the projecting portions of the safety fork
fitted into the grooves carrying the same component in the adjacent
fuzes. The fuzes must be kept in contact with each other.

(4) Place two No. 6 or No. 8 blasting caps (lightly taped if
necessary to hold them in position) side by side between the bases
of the two top fuzes of each pyramid so that the end of the cap is
at the approximate center of the base of the fuze. A slight "mud-
capping" of the caps is desirable if carefully applied. The pile is
then ready for detonation.

237. PRIMERS.
a. Large primers, 100-grain or more, may be destroyed by burning

according to the instructions for destruction of small-arms ammunition
in paragraph 235 l>. Primers, other than small-arms primers, are
dropped one at a time into the fire. Large primers will be destroyed
only in this manner because they are subject to explosion in mass
if destroyed by burning in large quantities.

b. Primers, except the 100-grain or larger primers, may be burned
in a trench approximately 2 feet deep, 1 foot wide, and of sufficient
length to accommodate the number of primers to be burned at one
time. The trench should be prepared with a quantity of excelsior or
similar combustible material sufficient to insure a hot fire throughout
its length. The primers should be removed from boxes and placed
on the excelsior before the fire is lighted. Pasteboard cartons need
not be opened before they are placed in the trench. To confine
fragments as much as possible, a piece of sheet metal should be
placed over the trench. After the primers and cover are in place,
a train of combustible material leading into the pit should be pre-
pared and lighted. Personnel should then take cover or withdraw
to a safe distance.

r. If a suitable tank or kettle is available for use, a smaller
number of primers may be placed in it and a small-mesh screen
placed over the top. By building a fire underneath, the primers will
be exploded. A convenient receptacle is an iron tank cut in half

317



Pars. 237-238
Destruction

TM 9-1900

.nmunition in Zone ol the Interior

longitudinally and the open side placed on railroad iron or other
suitable grating that will not let the primers drop into the fire. A
large hole, approximately 12 inches in diameter, with a pipe located
above the height of a man's head, should be provided and about
50 primers put in at one time. The boiler should be equipped with
a smokestack so that a draft will be formed through the grating.
Packing material, if inflammable, need not be removed from the
primers.

(I. If a burning pit constructed of railroad iron or similar material
is available, a fire may be built in it and a box of primers destroyed
at one time (provided the packing is inflammable) by throwing the
box into the pit and taking cover.

e. The smaller end vent primers may be destroyed by building
a firebox, over which a basket of primers may be pulled on railroad
iron from behind a barricade. The fire should be started before the
primers are pulled over it. When all primers have been fired, the
basket should be pulled off, emptied, cooled, reloaded, and again
pulled over the fire.

f. The stock of primers awaiting destruction will not be allowed
within 300 feet of the burning operations, and great care will be
taken to protect the pile from accidental ignition by flying fragments
or sparks. This stock will be limited to a day's supply. Other
applicable regulations contained in paragraph 226 will be strictly
observed.

238. GRENADES.
a. General. Grenades may be destroyed by burning or detona-

tion in accordance with the following instructions. Strict compliance
with applicable regulations of paragraph 226 is essential for the
protection of personnel and property. Destruction by detonation
should generally be applied to high-explosive grenades, whereas
destruction by burning is applied generally to other types of grenades.

It. Destruction by detonation. Not more than twenty grenades
should be placed in a pit about 4 feet deep. They should be piled
so that they come in close contact with each other; on top of the
pile should be placed, in intimate contact, three Vi-pound TNT
blocks, one of which is provided with an electric blasting cap or
C of E special blasting cap fitted with several feet of time fuse
(safety fuse). The grenades and TNT blocks should be covered
with a layer of earth about 1 foot thick which is tamped lightly to
obtain the maximum efficiency of the TNT blocks, and the pit
should be covered as prescribed in paragraph 226.

c. Destruction by burning. A pit 2 feet square by 3 feet deep
fitted loosely with an iron plate or heavy board cover is used.
Grenades should be put in the fire one at a time. Another should
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not be put in until the previous grenade is detonated. Care should
be taken in introducing explosives into the fire, as normal action
cannot be expected under intense heat. The only time to investigate
an unusual delay in the explosion of a grenade is when the fire
has burned out and the pit is cold. Instead of dropping grenades
singly and covering each time, an inclined chute which is baffled at
the open end may be used,

239. PYROTECHNICS.
a. General. Pyrotechnics, except photoflash bombs and para-

chute flares, will be destroyed in accordance with the instructions
for burning of primers (par. 237 b). Loose pyrotechnic materials
should be burned under the same conditions as black powder and
the same precautions should be observed (par. 227 a). Water-wet
pyrotechnic materials may be burned in small quantities in furnaces
designed for that purpose and approved by the Chief of Ordnance.

b. Parachute flares. Parachute flares will be destroyed by burn-
ing in the open and in a vertical position on the ground. The indi-
vidual flares must be located at least 4 feet apart and placed on
top of a layer of combustible material. After lighting the train of
combustible material, personnel should take cover and observe
safety distances.

r. Pliotoflash bombs. Photoflash bombs are dangerous and
should be handled with care. They should be destroyed by the use
of TNT blocks, similar to the procedure for artillery shell (par. 229).
Duds of photoflash bombs should not be handled or moved but
destroyed in place in accordance with instructions in paragraph 242.
Due to the thinness of the case, a single block of TNT is sufficient
to accomplish destruction. A strict compliance with the applicable
regulations of paragraph 226 is essential.

NOTE. Due to the brilliance ol the flash, it is injurious to vision
to watch the destruction of photoflash bombs even at distances pre-
scribed in this manual as sale against fragments.

240. CHEMICAL AMMUNITION.
a. In general, grenades, bombs, and shell loaded with chemical

filler should be destroyed in a manner similar to that prescribed in
paragraph 229 for destroying artillery shell. Before destroying
chemical ammunition, however, special instructions should be obtained
from the Chief of Ordnance concerning any exceptional hazards.
When a leaking shell or component is located, the individual in charge
of the magazine will be notified in order that he may direct the
disposition of the shell. As chemical shell contains a comparatively
small amount of explosives, the charge of TNT blocks to be used
for demolition should be as follows:
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m
Chemical Shtll *r Cflmpa

75-mm shell
155-mm shell
8-inch shell
60-mm and 81-mm moitar
4.2-inch chemical mortar shell
8-inch chemical mortar shell
S-lb bomb
2S-, 30-. and SO-lb bomb
100-lb bomb

No. •( Vi-p«»nd TNT II.i
cr Their equivalent

li. Dangerous chemical aiiiiiiunilion.
(1) Immediately hazardous unserviceable chemical ammunition

may be destroyed by exploding in the open if a sufficiently isolated
area is available. The point where the shell is exploded should be
chosen so that for a period of approximately 48 hours personnel can
be excluded from the area 1 mile downwind from the point where the
shell is exploded. For a period of about 2 weeks, all personnel must
be prevented from passing within a distance of 150 yards from the
point where the shell is exploded. Where a sufficiently isolated area
is not available, single unserviceable gas-filled shell may be destroyed
in a pit 6 feet deep. The shell with its bursting charge is placed
at the bottom of the pit, the pit is back-filled, and the shell exploded.
Five gallons of freshly prepared bleaching solution should be poured
on the fill, and sufficient dry bleach (chloride of lime) should then
be scattered over the fill to cover the disturbed ground to a depth
of 2 inches. A permanent sign should be placed on the fill, prohibit-
ing digging in the vicinity.

(2) Where a sufficiently isolated area is not available, chemical
ammunition may be destroyed by placing in a pit, approximately
20 feet in diameter and 4 feet deep, on top of a wooden platform
and surrounded by dry scrap wood. Arrange demolition charges
and cover the ammunition with about 2 feet of earth; the charges are
to be so arranged that they will function after the scrap wood has
been ignited and the fire has gained headway; in this way the chemical
filler will be burned as it comes from the item without undue con-
tamination of the surrounding area. Under normal conditions, the
chemical filler will burn clean and no shell fragments will leave
the pit. As a matter of general safety, no personnel should approach
the pit for 48 hours.

241. ANTITANK MINES. If marks on the mine or on the ground
indicate that it has been run over by a vehicle, the mine should
be considered as a dud and should not be handled or jarred, and
should be destroyed in place by detonation with a TNT or nitrostarch
block (par. 242). Only mines that have not been tampered with,
handled, or disturbed in any manner may have the safety fork
replaced and then taken up. The safety fork must be replaced
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before the mine is handled or the fuze removed. Unserviceable
antitank mines will be destroyed in the same manner and with the
same precautions as bombs (pars. 229 and 231).

242. TARGET RANGES.
n. General. Explosive missiles which have failed to function after

firing are termed "duds." AR 750-10 prescribes that, after firing on
a range has been completed and before free access to it is allowed
to personnel in general, the range will be thoroughly policed and all
duds destroyed by competent personnel. Duds of photoflash bombs
or aircraft flares released during flight over land areas other than
target ranges will be recovered and destroyed. See paragraph 239.

l>. Safety precautions. Target ranges are dangerous because of
flying missiles during target practice and unexploded ammunition
which may remain on the range after target practice. Safety precau-
tions should therefore include means for preventing trespass upon the
target range by unauthorized or careless persons and for removing
from the range all unexploded ammunition which has been fired. In
addition to the safety measures employed at and near the firing line,
such as red flags, markers, or fences, the boundary or terrain which
is likely to receive missiles from the firing line should be placarded
with signs which indicate the danger zone and the hazards attendant
upon entering such zones at specified times. The signs should also
emphasize the dangers connected with picking up unexploded ammu-
nition and should prohibit either trespass on the range or the removal
of souvenirs from areas, under penalties provided by law. The
placarding of the target ranges is a matter of public safety and must
never be neglected.

r. Destroying iluils.
(1) The policing of a target range and safeguarding the com-

mand are functions of the commanding officer. Immediately after
target practice is completed, the entire range should be carefully
policed for unexploded ammunition, under the supervision of an
authorized individual who is thoroughly familiar with the dangers
incident to such operations. Unexploded projectiles and other com-
ponents of ammunition which have been fired are dangerous to handle
and should not be touched or jarred where it is practicable to destroy
them by the use of TNT blocks. However, unfuzed duds may be
handled with comparative safety.

(2) In those rare cases in which it is necessary to remove a dud
from any location before destroying it, all operations connected with
this procedure should be done either by or under the direct super-
vision of personnel who are thoroughly familiar with the dangers of
such an operation and who are qualified to do this work.

(3) To move or roll an unexploded fired projectile is to invite
disaster, as such an operation may cause movement of the internal
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fuze parts and may cause the projectile to explode. No attempt will
be made to disassemble a round of unexploded ammunition except by
personnel of the Ordnance Department who are specifically assigned
to such work.

(4) Duds on the target range, such as unexploded projectiles,
fuzes, grenades, etc., ca'n usually be destroyed in place with TNT or
nitrostarch blocks. The dud should be approached only by experienced
personnel and, without disturbing the dud, the explosive blocks care-
fully laid in intimate contact with it. If possible, the blocks should
be placed on top of the dud because the wave of detonation tends to
be propagated downward. The blocks should then be carefully mud-
packed or earth-covered to direct the explosion toward the dud as
much as possible. For artillery shell, the number of TNT blocks (or
equivalent) to be used should follow the table specified in paragraph
229 c. After placing the charge, the dud should then be covered with
sandbags or earth to limit the range of the fragments.

(5) Shell exploded on the ground surface without an earth cover
of at least 2 feet, may send fragments 1,000 yards, and all within this
danger zone will take cover when the charge is fired. Personnel should
never be within 300 feet of a projectile when it explodes, even if
suitable protection is at hand. The general instructions for destroying
duds on the target range are similar so far as possible to those de-
scribed for destroying artillery ammunition (par. 229). Duds of
photoflash bombs are destroyed in accordance with this paragraph and
paragraph 239. The safety precautions in paragraph 226 wilt be
carefully observed.

(6) Gas shells or bombs should be handled in the same manner
as other projectiles. Holes or trenches in which gas shells have been
exploded must be filled or decontaminated and gas masks worn during
the work. Work should always be done on the windward side of the
area where gas shells are exploded.

(7) Destruction of duds of spotting-charge assemblies, for the
100-pound practice bomb M38A2 (black powder) will be accom-
plished by detonation in place. This can be done by the use of
demolition blocks or a 15-inch length of primacord which is coiled,
placed on top of the charge, taped in place, and detonated with a
blasting cap. Destruction of individual unserviceable spotting charges
of this type can readily be accomplished by winding a 20-inch length
of primacord twice around the charge, taping it in position, and
initiating detonation by means of a blasting cap as above.

(8) After the destruction of duds has been completed, the
officer in charge of the work will personally superintend a thorough
search of the area to insure that no duds have been overlooked.

(9) Additional information on destruction of unexploded pro-
jectiles and bombs may be found in FM 9-40 and FM 5-25.
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CHAPTER 5
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243. PUBLICATIONS INDEXES. The following publications in-
dexes should be consulted frequently for latest changes or revisions
of references given in this chapter and for new publications relating
to materiel covered in this manual:

a. Introduction to Ordnance Catalog (explaining
SNL system) ............................................ASF Cat. ORD 1

h. Ordnance Supply Catalog Index .................ASF Cat. ORD 2
c. Ordnance Major Items and Combinations, and

Pertinent Publications .................................... WDSB 9-1
il. List and Index of War Department Publications FM 21-6
c. List of War Department Films, Film Strips, and

Recognition Film Slides .................................. FM 21-7
f. Military Training Aids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . FM 21-8
g. Index to Bombing Tables (listing current bomb-

ing tables for bombs, clusters, and flares)..... . Index to BTs

244. STANDARD NOMENCLATURE LISTS.*
a. Ammunition for small arms.

Ammunition, revolver, automatic pistol, and sub-
machine guns . . . . . . . . . . . . . . .........ASF Cat. ORD 11 SNL T-2

Ammunition, rifle, carbine, and automatic gun
ASF Cat. ORD 11 SNL T-l

Ammunition, small-arms, obsolete and nonstand-
ard . . . . . . . . . . . . . . . . . . . . . . . . . . . A S F Cat. ORD 11 SNL T-6

Miscellaneous service components of small-arms
ammunition arid instruction material for Field
Service Account ... ASF Cat. ORD 11 SNL T-4

Packing materials used by Field Service for
small-arms service ammunition

ASF Cat. ORD 11 SNL T-5
Shells, shotgun . . . . . . ASF Cat. ORD 11 SNL T-3

b. Bombs, grenades, pyrotechnics, and rorkels.
Ammunition instruction material for grenades,

pyrotechnics, and aircraft bombs
ASF Cat. ORD 11 SNL S-6

Bombs, aircraft, all types........ ASF Cat. ORD 11 SNL S-l
•An up-to-dit* liitlnf of current Standard Nomenclature Liiti It maintained in ASF CM.

ORD 2.
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Fuzes and miscellaneous explosive components
for aircraft bombs . . . . . . . . . . . . . ASF Cat. ORD 11 SNL S-2

Fin assemblies and miscellaneous inert compo-
nents for aircraft bombs...... ASF Cat. ORD 11 SNL S-3

Grenades, hand and rifle, and fuzing components
ASF Cat. ORD 11 SNL S-4

Pyrotechnics, military, all types
ASF Cat. ORD 11 SNL S-5

Rockets, all types, and components
ASF Cat. ORD 11 SNL 5-9

Torpedoes and mines ASF Cat. ORD 11 SNL S-l
c. Cleaning, preserving, and lubricating materials;

recoil fluids, special oils, and miscellaneous
related items .: . . . . . . . ASF Cat. ORD 5 SNL K-l

il. Ammunition for unlinirrrufl, luirhor defense, heavy field,
nml ruilway artillery.

Ammunition, fixed, including subcaliber ammu-
nition for harbor defense, heavy field, and
railway artillery ASF Cat. ORD 11 SNL P-6

Ammunition for antiaircraft artillery
ASF Cat. ORD 11 SNL P-5

Ammunition instruction material for antiaircraft,
harbor defense, heavy field and railway artil-
lery, including complete round data

ASF Cat. ORD 11 SNL P-8
Ammunition, obsolete and nonstandard, for

harbor defense, heavy field, and railway ar-
tillery ASF Cat. ORD 11 SNL P-9

Charges, propelling, separate-loading, 6-in. to
240-mm inclusive, for harbor defense, heavy
field, and railway artillery ASF Cat. ORD 11 SNL P-2

Charges, propelling, separate loading, 10-in. to
16-in. inclusive, for harbor defense, and rail-
w a y artillery . A S F Cat. O R D 1 1 S N L P - 4

Fuzes, primers, blank ammunition, and miscel-
laneous items for antiaircraft, harbor defense,
heavy field, and railway artillery

ASF Cat. ORD 11 SNL P-7
Packing materials used by field service for anti-

aircraft, harbor defense, heavy field, and rail-
way artillery service ammunition

ASF Cat. ORD 11 SNL P-10

Projectile, separate-loading, 6-in. to 240-mm in-
clusive . . . . . . . . . ASF Cat. ORD 11 SNL P- l

Projectile, separate-loading, 10-in. to 16-in. in-
clusive . A S F Cat. O R D 1 1 S N L P - 3

e. Ammunition for park, light nn<l medium field, aircraft,
tank, and antittink artillery.

Ammunition, blank . . . . . . . . . . . . . . . . . . . ASF Cat. ORD 11 SNL R-5
Ammunition, fixed and semifixed, all types

ASF Cat. ORD 11 SNL R-l
Ammunition instruction materials

ASF Cat. ORD 11 SNL R-6
Ammunition, mortar, including fuzes, propelling

charges and other components
ASF Cat. ORD 11 SNL R-4

Ammunition, obsolete and nonstandard
ASF Cat. ORD 11 SNL R-8

Land mines and fuzes, demolition material, and
ammunition for simulated artillery and gre-
nade fire ASF Cat. ORD 11 SNL R-7

Packing materials used by field service
ASF Cat. ORD 11 SNL R-10

Projectiles and propelling charges, separate
loading, for medium field artillery, including
complete round data ASF Cat. ORD 11 SNL R-2

Service fuzes and primers ASF Cat. ORD 11 SNL R-3

f. Tools nml supplies.
Ammunition surveillance, testing, and inspection

equipment and supplies. .....ASF Cat ORD 6 SNL N-10
General tools and supplies for ordnance ammu-

nition company ..................... ASF Cat. ORD 10 SNL N-17
Tools and supplies for ordnance ammunition re-

novation platoon . . . . . . . . . ASF Cat. ORD 10 SNL N-500GA
Tools and tool sets for ordnance bomb disposal

squad (separate) ASF Cat. ORD 10 SNL N-500EB

g. Other services.
Chemical Warfare Service Supply Catalog. List

of Items for Troop Issue . . . . . . . . . . . . . ASF Cat. CW 3
Engineer Supply Catalog. Stock List of All

Items . . . . . . . . . . . A S F Cat. E N G 5

£
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245. EXPLANATORY PUBLICATIONS.
n. Regulations.

Administration; posts, camps, and stations AR 210-10
Fire protection and fire fighting . . . . . . . . . . . . . . . . . . . AR 30-1580
Honors to persons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AR 600-30
List of current pamphlets and changes; distribu-

tion .................................................................... AR 1-10
Lost, destroyed, damaged, or unserviceable prop-

erty ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AR 35-6640
Precautions in handling gasoline .. . . . . . . . . . . . . . . . . . . AR 850-20
Qualifications in arms and ammunition training

allowances ........................................................ AR 775-10
Range regulations for firing ammunition for

training and target practice ............................ AR 750-10
Salutes and ceremonies ........................................ AR 600-25
Supplies: storage and issue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AR 700-10
Transportation by commercial means; general . AR 55-105
Transportation by water of explosives, inflam-

mables, and chemical warfare materials . . . . . . . AR 55-470
Transportation of public property (except ani-

mals) and remains .......................................... AR 55-155
1). Ammunition, all types.

Ammunition: General ........................... WDSB 9-AMM 1
Ammunition Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . KM 9-6
Ammunition: Supply within Continental United

States ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . WDSB 9-AMM 6
Ammunition Condition Report.........O.O. Form No. 517
Ammunition Identification Code (AIC) WDSB 9-AMM 5
Application of Suspensions and Releases on

Ammunition .............................. .WDSB 9-AMM 11
Artillery Ammunition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . TM 9-1901
Complete Round Chart.. . . . . . . . . . . . . . . . ... O.O. Form No. 5981
Decontamination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . TM 3-220
Decontamination of Armored Force Vehicles... FM 17-59
Defense Against Chemical Attack......... . . . . . . . . . . . . . . FM 21-40
Explosives and Demolitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . FM 5-25
First Aid for Soldiers ....................................... FM 21-11
Identification of ammunition lot number pre-

fixes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . OFSB 3-16
Inspection Guide, Ammunition . . . . . . . . . . . . . . . . . . . . . . . . . . . TM,9-1904
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Inspection of Propelling Charges and Bulk
Powder . . . . . . . . . . . . . . . . . . . . . . . . .WDSB
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Ordnance Service in the Field . . . . . . . . . . . . . . . .
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Reports WDSB
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SECTION I.

INTRODUCTION

Chapter 1
Ammunition In General

GENERAL.
When venturing into any new field, one finds himself confronted

with many new terms and materials to such an extent that he often
becomes lost in a maze of confusion. It is, therefore, necessary to lay
a foundation of information that will aid in interpreting the material
which will follow.*

It is necessary for the ammunition inspector to have a wide and
complete knowledge of all the types of ammunition that he will come
in contact with in the line of duty, for he will be called on to pass
judgment as to the safe conduct of various operations. To do this,
he must know all the facts about the material in question. It might
be well to point out that all ammunition is inherently dangerous, for
its whole purpose of existence is to destroy or kill, but, if handled
correctly and carefully, one need not be afraid to work with it. At all
times, however, it must be given the fullest respect. A great portion
of the accidents which do occur can be traced to some form of care-
lessness when the full measure of safety was not applied.

Nomenclature. In his daily duties, the ammunition inspector will
be called upon to discuss ammunition. Whether this discussion be
written or oral, the proper use of terms or proper nomenclature is
constantly required. All articles have specific names and designations
which must be used at all times. The purpose of this is to insure that
there will be no error in understanding, for some types of ammunition
are so nearly alike that only by the use of proper terminology can
they be distinguished. The habit 6f using proper nomenclature is one
that should be formed from the beginning.

Model Designations. To distinguish a particular design, a model
designation is assigned at the time the model1 is classified as an
adopted type. This model designation becomes an essential part of
the standard nomenclature and is included in the marking on
the item.

Prior to World War.I, the number of the year in which the design
was adopted preceded by an "M" was used as the model designation;
for example, M1906. From the World War until July 1, 1925, it was
the practice to assign mark numbers. The word "Mark," abbreviated
"Mk.," was followed by a roman numeral; for example, Shell, H.E.,
Mk. III. The first modification of a model was indicated by the addi-
tion of MI to the mark number, the second by Mil, etc. The present

* Thlt Technical Manual has been published In advance of complete technical review fn
order to provide • background for Inspection of all typet of ammunition.
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system of model designation consists of the letter "M" followed by
an arable numeral. Modifications are indicated by adding the letter
"A" and appropriate arabic numerals. Thus, M2A1 indicates the first
modification of an item for which the original model designation was
M2. In addition to the "A" modifications there are also "B" modifica-
tions. These may be either a change in the method of manufacture
of an item, or a change in the material used. Examples of this are the
M18B1 steel cartridge case and the M1B1A1 primer. Certajn items
standardized for use by both Army and Navy are designated by the
letters "AN" preceding the model designation; for example, AN-
M100A1, AN-Mk. 19, AN-Mk. IV. The two designations above, AN-
M100A1 and AN-Mk. IV, indicate that the item is of Army design,
while the designation AN-Mk. 19, indicates that the item is of Navy
design. In recent years the Navy designations have been arabic
numerals, previously they were roman numerals and some of these
may still be found.

Classification by Standards.
Standard articles are those which are the most advanced and satis-

factory, and have been adopted by the Secretary of War. They are
preferred for procurement to meet supply demands.

Substitute standard articles are those which do not have com-
pletely satisfactory military characteristics, but are usable substitutes
for standard articles. They are not normally in use, nor are they avail-
able for issue to meet supply demands. They may, however, be pro-
cured to supplement the supply of standard articles.

Limited standard articles are those which do not have as satis-
factory military characteristics as standard articles, but are usable
substitutes for standard articles. They are either in use or available
for issue to meet supply demands.

Classification by Issue and Manufacture. In making use of the
Standard Nomenclature Lists and Complete Round Charts, the status
of the ammunition may be found marked as "S" or "SfcM." In this
instance, the "S" indicates that the item is standard for issue only
and is no longer being manufactured. The "SkM" indicates that the
item is standard for issue and is being manufactured.

Ammunition Lot Number. When ammunition is manufactured,
a lot number, which becomes an essential part of the marking, is as-
signed in accordance with pertinent specifications. This lot number is
stamped or marked on every item of ammunition unless the item is
too small. A group of these lots which for both engineering and sta-
tistical reasons can be considered to be of the same standard of
quality is called a grand lot. In addition to this lot number, there is
assigned to each complete round of fixed and semifixed ammunition
an ammunition lot number which serves to identify the conditions
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under which the round was assembled and the components used in
the assembly. This ammunition lot number is marked on every com-
plete round of fixed and semifixed ammunition (except where the
item is too small as in the case of small-arms ammunition) and on
all packing containers. It is required for all purposes of record includ-
ing reports on condition, functioning, and accidents in which the am-
munition is involved. To provide for the most uniform functioning, all
of the components in any one lot are manufactured under as nearly
identical conditions as practicable. For.example, in the case of fixed
ammunition, all of the rounds in any one lot consist of:

1. Projectiles of one lot or grand lot (one type and one weight
zone).

2. Fuzes of one lot or grand lot.
3. Primers of one lot or grand lot.
4. Propellent powder of one lot.

DEFINITIONS.
A few basic definitions are essential if one is to attain complete

understanding of the material which is to follow.
Ammunition. Ammunition is defined as any or all materials used

to charge weapons of war, including pyrotechnics in all of its forms.
There is one point in this definition that might not be clear.

"Weapons of War" refers to not only guns, howitzers, mortars, and the
like, but to airplanes and soldiers as well.

Caliber. Caliber is a term which has widespread use in the field of
an ammunition inspector. Nearly all of the ammunition is measured
in calibers. A caliber is the diameter of the bore of the weapon be-
tween opposite lands. While it is used as a unit of measure and is
expressed in inches or millimeters, it has no unit in itself. Thus, if
it is said that the barrel of a particular weapon is 30 calibers in length
it does not mean that it is 30 inches or 30 millimeters long, but that
its length is 30 times the diameter of its bore between opposite lands.
To be of any use, caliber must refer to a specific weapon.

Lands. The lands in a weapon are the raised portions of the rifling
of the weapon, and the spaces between the lands are called grooves.

Complete Round. A complete round of ammunition is made up
of all the necessary components to a chain of events which will per-
form a desired function under the proper circumstances and at the
proper time. For example, a complete round of a high-explosive shell
would be made up of a projectile, an explosive filler, a fuze, a booster,
a propelling charge, a cartridge case, and a primer. Here, all of these
components are necessary to bring about the desired function of the
shell and thus make up a complete round.

Small-arms and Artillery Ammunition. A most important divi-
ding line in ammunition is that between small-arms and artillery am-
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munition. This dividing line is based on 0.60 inch. Small-arms ammu-
nition is defined as ammunition fired in weapons whose bores are
0.60 inch or less in diameter, while artillery ammunition is defined as
ammunition fired in weapons whose bore is over 0.60 inch in dia-
meter. It is well to note that small-arms ammunition includes ammu-
nition which is 0.60 inch in diameter, and that anything over 0.60
inch must be considered as artillery ammunition.

ARTILLERY AMMUNITION.
Tactics and Ammunition. Artillery was first used mainly against

fortifications for the purpose of breaking down walls to allow the pass-
age of foot troops in an attack. Because the hand weapons of the
defending forces were crude and of short range, the cannon of the
attacking force could be emplaced at close range. There was, there-
fore, no need for long-range fire, and artillery was put into position
in front of the foot troops. With the development of shoulder weapons
of increased range and accuracy, it became necessary for artillery to
seek positions at greater distances from the opposing forces and in
the rear of friendly troops who served to protect the artillery division.

These conditions called for greater range and power, which in turn
necessitated improved projectiles and propellent powders. The as-
signment of special missions to artillery brought about the develop-
ment of special ammunition with which to accomplish these missions.

Projectiles. A projectile is a missile, either solid or with an explo-
sive, chemical, or inert filler, propelled from a weapon by the force
of gases produced by a propelling charge.

Early projectiles fired from cannon were iron darts, wrapped with
leather, of a size to fit the bore. These continued in use up to the
sixteenth century, when they were replaced by spherical shot. One
example of this shot was roughly rounded stone balls chosen because
of their cheapness. Forged iron, bronze, and lead balls were tried, but
expense prevented their general adoption..

Also, since heavy metal shot necessitated the use of a correspond-
ingly large propelling charge, too great a strain was exerted on the
feeble artillery pieces of the period. This frequently caused .rupture
of the cannon. Stone shot being about one-third the weight of iron,
the powder charge was reduced in proportion, effecting an additional
economy.

Both iron and stone shot occasionally were covered with lead to
preserve the interior, of the bore by reducing the friction, and to
afford a closer fit between the shot and the bore, thereby improving
the obturation, preventing the escape of gases, and increasing the
muzzle velocity and range. Hollow projectiles filled with explosives
or combustibles, and variations of canister appeared during the six-
teenth century.
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Shape. Since its inception, the demand for greater and greater
range has influenced the shape of the projectile. Toward the end of
the sixteenth century, cannon shot was made of cast iron and was
spherical in form. The spherical projectile was inefficient ballistically,
it was erratic in flight. Because of the crude methods of manufacture,
a tight fit could not be obtained between the projectile and the bore
of the cannon. Its rough surface increased air resistance and, by virtue
of its shape, a maximum surface in proportion to its weight was
effected by resistance. Nevertheless, the spherical form continued in
use up to the advent of rifled cannon (about I860), when projectiles
were elongated to a cylindrical form with a pointed nose.

Factors affecting desired shape. The amount of air resistance de-
pends upon the size, shape, and "presentation" of the projectile. Size
is significant because of the greater number of air molecules to be
displaced by movement of the larger projectile. Shape of the pro-
jectile has an important effect on the manner in which the mole-
cules are shouldered aside. "Presentation" affects both the number of
air molecules displaced and the manner in which they are pushed
aside. A projectile of 2 feet in diameter displaces four times as many
molecules as does a projectile of 1-foot diameter, since the area of
the cross section of a projectile varies as the square of the diameter.
A cone with a base diameter of 2 feet, since its greatest cross section
is the same as a cylinder of the same diameter, displaces just as many
molecules as does the cylinder, but because of its pointed shape, it
effects the displacement more smoothly and consequently encounters
less resistance.

Weight exercises a great effect on the power to overcome resistance.
Thus, two cylinders of equal diameter and length composed of dif-
ferent materials, one twice as heavy as the other, would experience
the same resistance to travel through the air. However, the heavier
would possess double the ability of the lighter to overcome resistance.

Again, since length has little effect on resistance, a cylinder twice
the length of the original one and composed of the same material, if
solid, would be twice as heavy and would possess double the energy.
In order that a cone may possess the same energy as a cylinder of
equal diameter, it must be longer, since it otherwise would be of less
weight. As the length of a projectile is limited by certain other con-
siderations, the modern projectile represents a compromise, combin-
ing energy-producing effect by means of increased weight, and re-
sistance-reducing effect by means of the pointed nose.

The air resistance is affected in a marked degree by the shape of
the nose. It is found that in a shell in the usual form, the shape of
the shoulders is more important than that of the actual point. This
is explained by the fact that as air streams outward from the point
to pass over the shoulders of the shell, it leaves a partial vacuum
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near the point while the main air pressure comes near the shoulders.
When a projectile with a radius of ogive of 5 or 6 calibers is used,
the shape of the point becomes important in determining the direction
of the air currents which flow over the shoulders.

The ideal shape for a projectile intended to travel through the air
with the minimum resistance would be one of streamline profile and
having a nose with an ogive curved for pushing aside the air mole-
cules with the least disturbance. It would also have a tapered or
conical ("boat-tailed") tail to eliminate vacuum-forming eddies in its
wake. The flat, sawed-off bottom of the type of projectile in use prior
to World War I is inefficient, because the partial vacuum formed be-
hind the projectile during flight greatly retards it and causes un-
steadiness in flight. For this reason modern projectiles are of the
"boat-tailed" type.

Exlerior of Modern Projectiles. Modern projectiles combine
weight and form in the most practical way to secure a maximum of
stability and a minimum of air resistance in flight

Ogive. Starting with the point of the projectile and working to-
ward the rear, the first portion encountered is the curved portion of
the nose of the projectile. This is known as the ogive. The ogive
describes an arc whose center lies on a plane perpendicular to the
axis of the projectile, with a radius usually expressed in terms of
caliber. This radius formerly was two calibers for all projectiles, but
experiments have proved that a marked reduction in air resistance,
resulting in greater range, can be obtained by increasing the radius of
the ogive to as much as 10 or 11 calibers.

Bourrelet. Directly behind the ogive is a very carefully and ac-
curately machined portion of the projectile, known as the bourrelet.
It is this portion of the propectile which most nearly conforms to the
bore of the weapon. In action, it acts as a forward bearing surface,
and also helps to center the projectile in the bore of the weapon. The
average bourrelet is about 1/6 of a caliber in width. By having only
a small band such as the bourrelet for a bearing surface, the amount
of resistance due to friction in the bore is greatly reduced as com-
pared to the friction which would be produced if the whole body of
the projectile were to contact the lands.

Body. The cylindrical portion of the projectile directly behind the
bourrelet and extending to the rotating band is commonly called
the body. This is slightly smaller in diameter than the bourrelet
and is usually 1 to 2 calibers in length.

Rotating band. The purpose of the rotating band is to* cause rota-
tion of the projectile, about its axis, in order to give it stability in
flight. If the projectile did not rotate in flight, it would fly end over
end or tumble; its flight would be irregular and inaccurate, and the
range would be reduced. The rotating band, by engaging the lands

11
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Figaro 2 — Meonf of Obtaining Rotation, Early Pro/ecH/es

and grooves in the bore of the weapon, gives the projectile this ro-
tation.

Before the advent of the rotating band, many devices were tried
in order to obtain rotation. One means was to provide the projectile
with a series of studs which were fitted into the grooves of the rifling
as the projectile was inserted at the muzzle. This type of projectile
was known as the "studded" type.

A second type of projectile was the "Butler" type. This projectile
was fitted with a ring of brass at the rear of the projectile which

12
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would expand when acted upon by the pressure of the gases from
. the propelling charge. This expansion caused the brass to fit into the

grooves of the rifling and thus gave rotation to the projectile.
Another early type of projectile was the "Hotchkiss" type. This

projectile was manufactured in three parts; the forward portion of
steel, a rear portion also of 'steel, and the two held apart by a lead
ring. When the round was fired, the rear portion forced against the
lead ring which expanded into the grooves and thus gave rotation
to the projectile.

A different method entirely was found in the "Whitworth" gun and
projectile. In this model, the weapon was fitted with a hexagonal bore,
twisted in the same manner as the rifling in the other types. The pro-
jectile was fashioned to fit the bore, its sides being provided with
flattened surfaces of a similar pattern.

With the introduction of breech-loading cannon, the problem of
giving rotation to the projectile was simplified. As previously ex-
plained, the raised portions between the grooves are known as the
lands. The bourrelet of the projectile has the approximate diameter
of the lands. At the rear of the projectile is a smooth band of soft
metal which has the diameter of the grooves. The projectile is in-
serted into the smooth-surfaced chamber in the rear of the rifled
portion of the bore, and then is rammed forward. The grooves engage
the soft metal of the rotating band and hold the projectile in place
while the tube is elevated. On the explosion of the propelling charge,
the projectile moves forward and. the lands cut into the rotating
band, causing it to conform to the rifling. This gives the projectile
a rotary motion about its long axis.

Since the band of a modern projectile completely fills the grooves,
it prevents the escape of gas past the projectiles and centers the
projectile in the bore. The front surface of the band is machined to
seat itself readily in the coned seat at the origin of rifling. This coned
seat is known as the forcing cone. • ,

The metal of the rotating band must be soft enough to flow readily
to fill the rifling grooves, and to prevent excessive wear of the lands.
It must be hard enough to prevent stripping under the resistance
met in rotating the projectile and to avoid fouling the bore. Both
copper and gilding metal seem to be favored as the best metals for
rotating bands.

Certain projectiles for the 155-mm gun have two rotating bands,
but generally there is only one rotating band on each projectile for
all guns and howitzers.

Fringing groove. During firing, a small amount of the copper of
the rotating, band is forced back behind the band and along the sur-
face of the projectile in the rear of the band. The pressure of the
released gas at the muzzle of the piece and the centrifugal force of
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Wgure 3 — Astembly of Rotating Band RA PO ISM;

rotation combine to throw out 'this excess metal in a radial direc-
tion, so that it becomes a fringe around the rear part of the band.
When this fringe is excessive and irregular, it builds up air resistance,
lessens the stability in flight, and causes decreased range and de-
creased accuracy. This fringing is eliminated to a great extent by
cutting a fringing groove around and in the rear of the band,

Boat-tail. In order to reduce the vacuum forming eddies at the
base of the projectile in flight, the base is tapered to an angle of
from 6 to 8 degrees. These vacuum eddies, if present, tend to hold
back the projectile and thus reduce the range.

Base plates. Artillery projectiles containing high explosives are
fitted with base plates. These are designed to prevent the hot gas
of the propelling charge from coming in contact with the explosive

COP
-LEAD CALKING

RA n ISOM
Figure 4 — Base Plofe Assembly
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filler of the shell through possible defects in the base. Three types
of base plates are in use.

The older type, common to all calibers, consists of a slightly dished
brass plate covering a lead disc, the brass plate being crimped to
the base of the projectile.

The new type, for small and medium calibers, has a disc of sheet
brass or steel sweated to the base of the projectile with solder, or
a steel disc welded to the base of the projectile.

For the larger calibers, the base plate assembly consists of a
copper cup covering a lead disc. The copper cup is held in a dove-
tailed groove in the base of the projectile by means of a strip of
lead calking wire, which is hammered down to fill the groove com-
pletely and to bend the flange of the copper cup. However, in large
caliber projectiles that are not fitted with bSse fuzes, the steel disc
is welded to the base.
. Painting. All projectiles are painted primarily for the prevention

of rust. The color of the paint, however, is varied for the different
types of projectiles and thereby becomes a basic means for identifi-
cation. The explanation of the color scheme is as follows:

1. Projectiles filled with high explosive, such as amatol, explosive
D, TNT, etc., are painted olive drab and stenciled in yellow.

2. Shrapnel and low-explosive shells are painted red. This indi-
cates that they contain a charge of low explosive.

3. Projectiles that are solid or filled with an inert filler are painted
black.

4. Ammunition to be used for practice is painted blue. This paint-
' ing holds even though the projectile may be solid or filled with a
black powder (low-explosive) spotting charge.

5. Chemical shell are painted with a blue-gray base color, stenciled
with a color which corresponds to its chemical classification, and have
circumferential painted bands of the same cotor.

Projectile Filler*.
Solid shot. The earliest projectiles were spheres of solid metal and

depended for their effect upon their weight and velocity, no attempt
being made to produce .effect by explosion at the target

Case shot. The first departure from the solid type of projectile
came with the advent of case shot. Case shot can be traced back to
the early part of the fifteenth century; it retained its original form
throughout the entire period of its use. It was intended for use at
close quarters when a volley of small shot was required.

Case shot consisted of a cylindrical container of tin with a cast
or sheet iron bottom and top plate. The container was filled with
small round shot and the voids were packed with sawdust to prevent
undue movement of the balls due to the shock of discharge. The
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shock of discharge disrupted the case, and the balls were scattered
shortly after leaving the muzzle of the cannon. Case shot was very
effective against troops at short range owing to the wide pattern
made by the spreading shot, but when the range exceeded 500 or 600
yards, there was practically ho effect.

Grapeshot. A variation of case shot, known as grapeshot, consisted
generally of three tiers of cast iron balls separated by iron plates and
held in place by an iron bolt which passed through the center of the
plates. The effect of grapeshot was similar to that produced by case
shot.

Explosive shell. Explosive shell do not appear to have been in gen-
eral use before the middle of the sixteenth century. About that time,
hollow balls of cast ir«n were fired from mortars. The balls were al-
most completely filled with gun powder; a small space was filled with
a slow-burning composition. The slow-burning composition was
ignited by the flash of discharge, and burned until the flame reached
the bursting charge. As there was no way of accurately regulating the
time of burning, some of the projectiles burst during flight, but many
of them did not explode until a considerable time after they had
struck the ground. With the development of more accurate fuzes,
these projectiles became formidable missiles against fortifications, and
were used with some effect against personnel in the open.

Modern shell, made of forged steel, are filled with high explosive,
and upon burning a predetermined time, or upon impact, explode
with terrific energy, breaking up the shell walls into several hundred
fragments. Depending upon the fuze employed, they are designed
either to burst in the air or promptly on impact, for effect against per-
sonnel, or to penetrate a short distance before explosion for the pur-
pose of destruction.

Armor-piercing. Armor-piercing projectiles consist essentially of a
steel shell to which is attached, usually by crimping, a steel armor-
piercing cap, and to this cap is attached, by screw threads or crimp-
ing, a windshield for ballistic purposes. The projectile may be either
filled with explosive D or may be inert. A very important part of the
modern armor-piercing projectile is the cap. Against face-hardened
armor, projectiles which would be useless without the cap are, with
its assistance, able to penetrate in bursting conditioa The cap is
made of high-carbon chrome steel and heat treated so that the por-
tion directly in front of the point of the projectile is very hard while
the skirt is very tough. The period during which the cap performs its
functions is so very short and the forces which act on it are so great
that it is impossible to say exactly what takes place, but certain
theories have been advanced and seem to be borne out by experi-
ment. It is now generally accepted that the principal function of the
cap is to place the armor under great stress, flaking the hardened
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surface and destroying it, permitting the projectile body to reach the
inner layers at an instant when they are already stressed in a favor-
able direction. The cap also lends lateral support to the point at the
instant of impact, preventing a deformation which would result in
disintegration of the projectile before perforation could be accom-
plished.

The cap also performs the valuable function of increasing the angle
of obliquity at which penetration or perforation will take place, thus
tending to avoid ricochet.

The function of the windshield is to increase the ballistic efficiency
of the projectile by enabling it to overcome more readily the retard-
ing effect of the atmosphere with a consequent increase in range. The
windshield is made of brittle material and shatters on impact with
the target.

The steel shell, or body, finally does the actual penetrating of
the armour plate, and if loaded with an explosive filler, will explode
after penetrating.

Shrapnel. The shrapnel projectile was developed during the latter
part of the eighteenth century as a result of the lack of an effective
projectile for use against troops in the open beyond the range of case
shot.

The original shrapnel was a spherical shell filled with lead musket
balls mixed with the bursting charge. With the advent of rifled guns,
the form of the shrapnel projectile has changed, but its character has
remained. Modern shrapnel cases are made of forged steel. The lead
balls are contained in a matrix of smoke-producing compound and
are separated from the base charge by a steel diaphragm. They are
provided with a time fuze designed to cause the projectile to burst
either during flight or on impact. Shrapnel is designed to carry the
balls to a point over the heads of troops and, by the functioning of the
fuze and base charge, to scatter the balls with increased velocity
over a considerable area. , ,

Chemical shell. Chemical shell are a development of World War I,
resulting from the desire to transfer quantities of chemicals into
enemy territory. Chemical projectiles are filled with chemical com-
pounds designed to produce casualties, or with smoke-producing
compositions for use in screening certain areas from view. Very little
effect is produced by fragmentation, since the bursting charge is just
sufficient to crack the projectile and scatter the chemical filler. In
firing chemical shell, it is important that the shell burst before enter-
ing the ground, in order that the. chemical be spread instead of being
concentrated in and near the shell crater.

Fuzes.
Early luxes. A fuze is a mechanical device to function the projectile
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at the time or place desired. Proper functioning of projectiles depends
upon accurate and efficient fuzes.

It may be said that fuzes, from the start, have had more influence
on the effectiveness of artillery than any other single item. Early ex-
plosive shell and shrapnel, more often than not, were wholly ineffec-
tive because of uncertain fuzes.

Early fuzes not only were inaccurate and uncertain of action, but
also were dangerous to use. Many accidents resulted from prematures
caused by defective fuzes. Even with the most modern fuzes in use
today, a certain percentage of duds may be expected, and the safety
devices are not infallible.

The first fuzes used were short iron or copper tubes filled with
slow-burning composition and screwed into the fuze hole of the shell.
The slow-burning composition was ignited by the flash of discharge
and, when consumed, transmitted the flame to the bursting charge of
the shell. There was, at first, no means of regulating the time of burn-
ing. Later, about the end of the seventeenth century, the fuze case
was made of wood, so that by boring a hole through the outer casing
into the composition, the fuze could be made to burn approximately
for a given time before exploding the shell; or the fuze could be cut
to the correct length for the same purpose.

Early attempts to produce percussion fuzes were unsuccessful, but
the discovery of mercury fulminate in 1799 finally afforded the means
of attaining this object. Some 50 years elapsed, however, before a
satisfactory fuze was made. This was the Pettman fuze, in which a
roughened ball covered with a detonating composition was released
by the discharge of the piece. When the shell struck any object, the
ball was thrown against the interior walls of the fuze, thereby explod-
ing the composition and, consequently, the bursting charge of the
shell.

World War 1 types. Much ingenuity and labor have been expended
in the effort to produce safe and accurate fuzes for all purposes.
World War I types were satisfactory, in general, for their purpose of
detonating or exploding the bursting charge at the time and under
the circumstances desired. However, safety devices were not suffi-
ciently refined to insure complete safety against premature action in
transportation and loading, and during travel through the bore of the
piece.

Another serious disadvantage of World War I types of detonating
fuzes was the fact that they could not be set at will for superquick
or delay action. This necessitated a supply of all three types in the
field.

Later types. Most of the disadvantages enumerated above have
been overcome in the recently developed fuzes. These are explained
in the chapters dealing with fuzes.
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Adapters and Boosters. Since the small detonator contained in
the fuze is not powerful enough to insure complete detonation of the
shell filler, it is necessary to have a slightly larger quantity of high
explosive, more sensitive than the shell filler, to amplify the detonat-
ing wave and insure the detonation of the filler. This intermediary
filler is the booster. In recent years, boosters have been designed to
be assembled directly to the projectile, the old "adapter-boosters"
being discarded. The fuze is customarily screwed into the booster.
Boosters are used in all high explosive and chemical shell for all guns
and howitzers.

The old "adapter-boosters" consisted of an adapter and a booster
which were held together as one piece. The adapter was designed
to decrease the diameter of the nose of the shell so that the fuze
could be screwed into place. The booster was simply a casing of
high explosive.

The "term "booster," when applied to chemical shell, is converted
to "burster," as the function of this component is to break up the shell
and disperse the chemical filler. The burster charge is therefore
greater than in the high-explosive booster.

Propellants. A propellent is an explosive which, upon burning,
propels the projectile from the tube of the gun. It is the final link
in the low-explosive train.

Early propellants. The earliest propelling powder was black pow-
der, of about the same composition as we know it today. In the six-
teenth century, it was used in the form of a fine powder or dust, but
owing to the difficulty of loading this fine dust into the muzzle of
small arms, a granular form was developed about the year 1600, and
continued in use for more than 200 years.

Smokeless powder. Smokeless powder came into use about 1890,
and quickly replaced black powder as the universal propellant for
artillery projectiles.

The first Army Ordnance experiments with smokeless powder were
with nitrocellulose-nitroglycerine, or "double-base" powder, which
type was used in small-arms ammunition until 1906.

The smokeless powder now used consists essentially of a gelati-
nized nitrocellulose in the form of short multiperforated grains. The
United States and other countries have developed powders in the
form of long tubes or flat ribbons and cords which usually contain a
certain percentage of nitroglycerine.

Because of their hotter gases of combustion, nitroglycerine powders
produce more erosion in the bore of the piece than nitrocellulose.
For this reason, the latter are generally used as propellents.

A full discussion of smokeless powder will be found in the chapter
covering low explosives.
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Propellent Containers. According to the method of assembly for
transportation and for loading into the piece, ammunition is classified
as "fixed," "semifixed," or "separate-loading" (unfixed).

Fixed Ammunition. This type comprises a cartridge case (which
contains the propellant) whose base contains the primer, and whose
forward opening is crimped to the projectile so that the entire round
is integral and all components are loaded into the weapon in one
operation.

Semifixed Ammunition. This type differs from fixed ammunition
in that, while the projectile and cartridge case are issued assembled
and are loaded into the gun as a unit, the cartridge case is not per-
manently attached to the projectile, but may be removed at the fir-
ing point for the purpose of varying the amount of propelling charge
as desired.

Separate-loading Ammunition. The distinguishing characteristic
of separate-loading ammunition is that it requires two or more opera-
tions to be loaded into the breech of the gun. The propellant and
primer are loaded separate from the projectile. The propellant is con-
tained in either cartridge bags in definite quantities, or loosely in an
uncrimped cartridge case. In the former instance, the amount of pro-
pelling charge may be varied as desired. The primer is generally
inserted after the breechblock has been closed.

Primers. A primer is used to ignite the propelling charge of
smokeless powder. The primer is loaded with a charge of black pow-
der which, in ammunition for small calibers, is sufficient to ignite
the propelling charge. In the larger calibers, additional ignition pow-
der is required.

With fixed and semifixed ammunition, the primer is forced into the
base of the cartridge case before loading the propelling charge.

With bag-loaded (separate-loading) charges the primer is inserted
in the firing mechanism in the breech of the cannon. Primers for
separate-loading ammunition are of the obturating type, in that the
body of the primer is thin, so that, when the primer charge explodes,
the primer will be expanded and pressed tightly against the inner
surface of the primer cavity, thus preventing the escape of propelling
charge gases to the rear.

Classification. The general classification of primers is based on the
method of firing or initiating the ignition, as follows; percussion, fric-
tion, electric, combination percussion-electric, and igniting. The de-
tailed description and functioning of these types will be taken up in
the chapters covering the complete rounds.
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Chapter 2
Safety

GENERAL.
In the line of duty as an ammunition inspector, the full meaning

of safety must be kept in mind at all times. This is indicated by the
fact that, the "Ordnance Safety Manual" is the inspectors "Bible."
No matter what the operation or procedure may be, the inspector's

' thought should always be, "Is it safe?"
There are several references where general safety regulations may

be found, such as, The Ordnance Safety Manual, Safety Bulletins,
TM 9-1900, and other manuals. However, while the regulations cover
a wide field, there are times when it becomes necessary for an inspec-
tor to rely on his own judgment and common sense in arriving at
a decision. For this reason, one should always keep an eye open for
safety features and precautions while studying this text. Without some
basic knowledge of the article being handled, common sense soon
becomes little more than pure guess work. A study of accidents which
have occurred in the handling, shipping, and storage of explosives and
ammunition shows that in practically every instance where the cause
could be determined, the accident has been due to circumstances
which may be classed as avoidable.

There are two prime requisites which must be considered when
determining a safe practice; safety for personnel, and safety for the
ammunition. With respect to personnel, the inspector should be con-
stantly on the alert to forestall any practice which might cause injury
or death to any worker. With respect to ammunition, the inspector
should see that it is handled, stored, and shipped in such a mariner
that no deterioration, damage, or destruction may result.

SAFETY REGULATIONS.
Personnel. All personnel handling ammunition should be im-

pressed with the fact that their safety as well as that of others de-
pends upon the intelligence and care exercised by themselves and
their fellow workers.

The number of persons engaged in or around an operation should
be kept at a minimum, but never should one person be allowed to
carry on an operation of a hazardous nature. •

Unauthorized persons should not be permi.tted to tamper with or
disassemble any components. Serious accidents may result.

Safety shoes should be worn at any operation where explosive dust
is present; particularly in the case of black powder or high-explosive
operations. Safety shoes of the noninsulating type are mandatory
for black powder operations.
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SECTION III.
EXPLOSIVES

Chapter 1
Introduction, Military Explosives

GENERAL.
When discussing any subject, it is necessary to build up a back-

ground and most particularly a vocabulary. This is especially true
of the explosives used by the Ordnance Department, since people in
widely scattered establishments must communicate with each other
and use commonly understood terms in their communications. It is,
therefore, necessary to know some fundamental definitions:

Explosive. A gaseous, liquid, or solid substance, or mixture of sub-
stances, which upon application of a blow to a small portion of its
mass, or by a rise in temperature, is converted in a small space of
time into other substances more stable, which are mainly gases or
vapors, but may include solids. The chemical changes thus produced
result in a sudden rise in temperature and pressure in the surround-
ing medium.

Upon analyzing this definition, it will be found that three essential
characteristics are required in an explosive. These are namely:

1. Method of initiation; flame, spark, shock, or blow.
2. Rapidity of reaction; extremely rapid.
3. Results of reaction; rise in temperature and pressure in the sur-

rounding medium.
Any substance to be properly termed an explosive must conform

to all of the above points. For example, if a small amount of sodium
chloride solution were poured from one test tube into silver nitrate
solution in another test tube, a white precipitate would form with
great rapidity. Even though one of the conditions (rapid reaction)
was fulfilled, the others were not, and thus the mixture of substances
would not be considered an explosive. Also, if a small amount of
hydrochloric or nitric acid were poured into a small amount of sodium
carbonate solution an effervescence would be noted. Even though
two of the conditions were fulfilled (a formation of gases and thus
pressure if confined, and a rapid reaction), the third was not, and
thus the mixture of substances would not be considered* an explosive.
If, finally, a small amount of black powder is ignited, all of the re-
quired characteristics of an explosive as listed above will readily
be observed.

AH explosives, however, are not used by the military. A military
explosive may be defined as "An explosive both suitable for and
used for military purposes." As an example, let us consider dynamite
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or even its mother substance, nitroglycerin. Both are commonly used
in industrial fields, yet neither is suitable or used for military pur-
poses, particularly not in ammunitioa

HIGH EXPLOSIVES AND LOW EXPLOSIVES.
Military explosives are divided into a class of low explosives or

high explosives. These two groups differ generally in three major
characteristics; namely, method of initiation, rapidity of reaction, and
results of reaction. A brief chart will best serve to visualize these
differences.

Method of initiation
Rapidity of reaction
Results of reaction

l»W (>pl*(U« .

Flame or spark
Slower, deflagration
Displacement, power

Hl«h hplmlvn

Blow or shock
Faster, detonation
Shattering, brisance

It must be remembered that the comparison above is general in
nature. Exceptions to any one of the generalities may be found. For
example, lead azide and mercury fulminate, both commonly classed
as high explosives, may be, and many times in their military uses,
are initiated by flame or spark. Black powder, on the other hand, is a
low explosive but may be caused to detonate if ignited while con-
fined. Normally however, high explosives and low explosives will each
exhibit characteristics in line with the above chart. Variations in
normal conditions, however, can be used to cause practically any de-
sired change in the characteristics of any one substance.

Upon being ignited, low explosives will burn rapidly, but yet slower
than the reaction of a high explosive. Rapid burning of this nature,
rapid combustion, the same as the burning of paper or wood although
much faster, is termed deflagration.

Deflagration is a comparatively slow transformation consisting of
a rapid combustion.

Low explosives as a result of their deflagration exhibit a char-
acteristic known as power.

Power may be defined as the ability of an explosive to displace
its surrounding medium.

As an example, smokeless powder in the chamber of a gun, when
ignited, does not burst the gun, but displaces its surrounding medium,
the only movable portion of which is the projectile. A charge of TNT
in the chamber of a gun however would burst the gun. TNT is a high
explosive, smokeless powder a low. This gives an insight into the
probable uses of low and high explosives. Low explosives are most
commonly used as propellents, while high explosives are most com-
monly used as bursting charges in various components of am-
munition.

• High explosives are normally initiated by blow or shock, either
produced by mechanical means or by the explosion of a preceding
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high explosive in the explosive train. The high-explosive filler of a
projectile, for example, is initiated by the detonation of a booster
which precedes it. The booster is functioned by the shock of a de-
tonator in the fuze which precedes it The detonator in the fuze is
initiated, perhaps, by a blow from a firing pin. Upon being so initiated,
the high explosive undergoes a very rapid reaction termed detonation.

Detonation is a very rapid transformation, not instantaneous, but
starting at a given point and traveling in all directions away from that
point with a high but measurable velocity.

The travel of the detonation is termed the wave of detonation or
the detonating wave. Its rate may be so high as to exceed even 7,000
meters per second (approx. 23,000 ft per sec). It is this extreme
rapidity that causes the results of the reaction of a high explosive
to differ so greatly from the results of the reaction of a low explosive.
The high explosive is so rapid in its transformation that the sur-
rounding medium is shattered. This shattering is directly related to
the rapidity of the reaction. It is termed brisance.

Brisance may be defined as the capacity of an explosive upon
detonation to shatter its surrounding medium.

FURTHER REFERENCES!
TM 9-2900; FM 5-25; OS 9-18, Vol. I.

Chapter 2
Low Explosives

BLACK POWDER.
Historical. The origin of black powder has been attributed by

various authorities to the Chinese, the Arabs, or the Hindus. It has
been proven that alchemists of medieval days were familiar, to a
certain extent, with the properties of mixtures of saltpeter, sulfur,
and charcoal. References to black powder may be found in history
as early as 1250 A.D. Progress and development led to use of black
powder as a propellent until 1870 when it replaced all other devices
in use for this purpose. Today, however, its use as a propellent has
been discontinued, but it retains its utility in the form of spotting
charges, delay elements, and safety fuse.

Manufacture. The manufacture of black powder is not technically
complicated, since black powder is nothing more than a very intimate
mechanical mixture of saltpeter, sulfur, and charcoal. However, be-
cause of the great sensitivity of black powder to initiation by prac-
tically any means, unusual precautions must be observed in its
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manufacture. A summary of the main steps in the manufacture of
black powder follows:

Standard composition; 75 percent potassium or sodium nitrate,
15 percent charcoal, 10 percent sulfur.

Black powder made with potassium nitrate is known as Army
black powder while black powder made with sodium nitrate is known
as commercial or as sodium nitrate black powder. Sodium nitrate is
commonly referred to as Chile saltpeter.

1. Pulverization and mixing. In the "wet" method of mixing, which
is the most used method, the charcoal and sulfur, in the specified
proportions, are pulverized in a ball mill. The ball mill is a device
consisting of a revolving steel cylinder in which iron or steel balls
do the crushing. The pulverized charcoal and sulfur are then stirred
into a saturated solution of saltpeter at a temperature of about 130
C (265 P). The mass is then spread on a floor to cool, after which
it is ready for incorporation. The lumps formed in the cooling are
easily broken.

2. The edge-runner or wheel mills. After being mixed by the above
method, the material is spread on the bed plate of a wheel mill. The
wheel mill consists of two cast iron wheels, with nonsparking plows
of phosphor-bronze. These wheels revolve on an axle, which in turn
rotates about a central axis, the wheels rolling on the bed plate of the
wheel mill. The wheels are in contact with the bed plate if it is
wooden, but are suspended slightly above it if the bed plate is of
cast iron. A safety device is included which consists of independent
suspension of the wheels permitting an upward movement to prevent
violent crushing of any possible lumps. The wheels weigh from 5 to 8
tons each. The plows are set in opposite directions, the plows on the
inner wheel throwing the material to the outside, the plows on the
outer wheel throwing the material to the inside. The process is car-
ried on for about 3 hours at 10 rotations per minute. Water is added
to maintain 3 to 4 percent water content (safety precaution). A
wheel cake or clinker which forms must be broken before the next
operation. The wheel mills thoroughly mix the ingredients, insuring
a close mechanical contact between the ingredients.

3. Pressing. In order that the powder exhibit uniformity of bal-
listics, it is necessary that it be of uniform density. To achieve this
uniform density, the mix from the edge-runner mill* is placed on
aluminum press plates which are then stacked on a small trolley.
The trolley is then run over the bed plate of a vertical hydraulic
press. A pressure of 1,200 pounds per square inch is applied and held
for varying lengths of time. Cakes about % inch thick by 24 inches
square are the result. These cakes are broken with wooden tools and
transported to the corning mills.
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4. The corning mills. The press cake is cracked or granulated in
the corning mill by feeding the cake between crusher rolls. Mechan-
ically-operated shaking screens separate the dust and coarse grains
from the finished grains; the coarser lumps pass through successive
crushing rolls, four sets of crushing rolls being the usual number per
mill. The dust is generally passed back to the edge-runner mills but
may also be used as meal black powder. The corning operation is
considered the most hazardous of the various operations in the manu-
facture of black powder..Many devices, of which the following are
typical, have been employed to reduce the loss of property and life
in the corning mill to a minimum:

One of each set of crusher rolls is held by springs so that the
roll may give, rather than violently crush extraordinarily hard lumps.

The broken press cake is fed to the corning mill by a conveyor
which passes over the top of a steel barricade.

All personnel are excluded from the building during the operation.
5. Finishing. Rounding or polishing the grain is accomplished by

tumbling in a revolving wooden cylinder. Drying is generally accom-
plished by forcing a current of warm air through the cylinder while
the powder is being polished, or the powder may be removed from
the cylinder and • dried in stationary wooden trays. To glaze the
grains, a small quantity of pulverized graphite is added to the powder
while the powder is warm from the tumbling process and the process
is continued for about a half hour. The drying and glazing process,
when carried out on the single operation plan, requires approximately
8 hours.

Crailrs anil Uses. Army black powder.
Composition: potassium nitrate, 75 percent; charcoal, 15 percent;

sulfur, 10 percent.
Grade A.
Glazed.
No. 1. Igniting charges, certain primers, saluting charges.
No. 2. Unassigned.
No. 3. Special uses.
No. 4. Base charges for shrapnel, base charges for fuzes, primers,

smoke-puff charges, bursting charges for practice projectiles, burst-
ing charges for certain subcaliber shell, and spotting charges for prac-
tice bombs.

Unglazed.
No. 5. Pellets for primers and fuzes.
No. 6. Pellets for primers and fuzes.
Meal or fuze powder. Loading time train rings.
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Classes and Use*. Sodium nitrate black powder.
Composition: sodium nitrate, 75 percent; charcoal, 15 percent; sul-

fur, 10 percent.
Class A; saluting charges.
Class B; spotting charges for practice bombs.
Both the above grades are based on granulation, for Army black

powder grade A, No. 1 is the coarsest granulation and meal or fuze
powder the finest. For sodium nitrate powders, Class A is the coarser
and Class B the finer.

The sodium nitrate black powder is more hygroscopic than the
potassium nitrate black powder, and therefore is used where absolute
dependability is not required.

Control of the Burning Rale of Black Powder.

To alow the rate.

1. Compress the powder into pellets, time train rings, or other
devices.

2. Increase the charcoal content at the expense of the nitrate con-
tent.

3. Increase the sulfur content at the expense of the charcoal con-
tent. (Note—lessens the uniformity of the burning rate.)

4. Incorporate adulterants such as red or white clay. (Note—ab-
sorption of moisture acts as an adulterant.)

5. Substitute other nitrates for potassium nitrate. Barium nitrate
is sometimes used for this purpose.

6. Substitute hardwood (oak) charcoal for softwood (willow or
alder) charcoal.

7. Substitute coal (powdered) for charcoal.
To speed the rate.
1. Confinement of burning black powder speeds the rate of burn-

ing. In some cases detonation may result. (Note—speed is not desired
but must be considered.)

Comparison of effect of confinement and compression. By virtue
of its method of manufacture black powder has a porous structure.
Therefore, if the powder is compressed into pellet form, the porosity
is lessened and the penetration of hot gases into the interior of the
pellet is hampered, thus reducing the burning rate. On the other hand,
if the powder is burned in confinement (or as a result of greater than
atmospheric pressure), the penetration of hot gases into the interior
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of the grain will be enhanced. This will result in a faster rate of
burning and a quicker consumption of the grain.
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BURNING POWDER

DA ro itin
Reasons for Discontinuance of Use of Black Powder as a Pro-

pelling Charge.
1. Flash and smoke of discharge too great, revealing gun positions

day and night.
3. Intense heat and violent pressure developed during discharge

caused excessive erosion of the gun barrels.
3. Solid residue or ash left in the chamber after combustion proved

dangerous to loading of succeeding charges, particularly in the case
of separate loading ammunition.

4. Rate of burning difficult to control. Control of burning rate is
essential for uniform ballistics.

5. Unstable in storage; it is hygroscopic. Absorbed water acts as
an adulterant and slows the burning rate.

6. Dangerous to handle. Black powder is easily initiated by spark,
flame, friction, and other means.

Products of Combustion of Black Powder. ,
S*IM—St p*rt*n«

SolM fr»d«fl p«re«nt by w«l«M
^COa—potassium

6«*mn—-44 p*rc*«f
GBIMM PrcrfiwH p*re«tf by volume

COL>—carbon dioxide.. . . . .49.0
CO—carbon monoxide..... 12.5
N2—nitrogen . . . . . . . . . . . . . 3 3 . 0
H2—hydrogen . . . . . . . . . . . 2.0
CH.|—methane . . . . . . . . . . . 0.4
H2S—hydrogen sulf ide. . . . . 2.5
H._.O—water v a p o r . . . . . . . . 0.6

carbonate . . . . . . . 61 .0
K-_.SOj—potassium sulfate.. 15.0
K..S—potassium sulfide.. . . 14.5
S—sulfur . . . . . . . : . . . . . . . 9.0
KCNS—potassium

sulfocyanide . . . . . 0.2
KNO.,—potassium nitrate.. 0.3

Uses of Black Powder.
1. Miners safety fuse which is composed of a core of compressed

black powder enclosed in an insulated wrapping. It burns at a rate
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of 32 to 40 seconds per foot. It is recognizable by its smooth, white,
outer wrapping.

2. Instantaneous blasting fuse which is a core of loose black pow-
der enclosed in an insulated wrapping. No delay is imposed on the
rate of burning. It is recognizable by its welted or braided red outer
wrapping.

It is necessary, in order to achieve maximum safety, to burn an
experimental length of about 1 foot of the fuse being used to deter-
mine its burning rate. One can easily see the danger or hazard coin-
cident with mistaking instantaneous fuse for safety fuse.

It will also be noted that there are two spellings for the word
fuse (fuze). By common practice in this country, the word "fuze" is
applied to a mechanical device for producing explosion or detonation
in artillery projectiles, bombs, or grenades, while the word "fuse" re-
fers to the cord or casing filled with black powder or high explosive
such as is used in blasting and mining work for setting off charges of
explosive.

At the present time, any stocks of instantaneous fuse, not the prop-
erty of the engineers, on hand in depot storage should be destroyed.
Stocks which are engineer property should be marked with a red tag
for issue only as directed by the Chief of Ordnance. Such issue will
be for experimental purposes or to meet special situations.

Black Powder Charges. The assembly of blank ammunition for
cannon and assembly of saluting charges will be conducted in ac-
cordance with special instructions furnished by the Chief of Ordnance.

Blank ammunition may be loaded with either:
1. Army black powder in bags.
2. Sodium nitrate black powder in bags.
3. Sodium nitrate black powder in pellet form.
Sodium nitrate black powder is available commercially and at a

cost somewhat less than Army black powder, which contains potas-
sium nitrate. Commercial sodium nitrate black powder pellets
wrapped in cellophane are being used extensively. The pellet form
of this powder greatly facilitates loading and reduces assembly
hazards. Pellets are supplied in single and double units for reduced
and full charges, respectively. Because sodium nitrate black powder
is more hygroscopic than Army black powder, additional care is nec-
essary in storing and handling, to prevent exposure to moisture.

Precautions similar to those applying to the assembly of other
ammunition will be followed in assembling blank ammunition and
saluting charges. Particular caution must be exercised because of the
treacherous nature of black powder. The following general safety
regulations will be complied with iri the assembly of blank ammuni-
tion and saluting charges:
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1. Black powder operations should be conducted in special build-
ings,which will not be used for other purposes at the same time.

2. The floor of the building in which black powder is handled will
be surfaced with suitable material.

3. Intraplant quantity-distance requirements for high explosives
as given in the Ordnance Safety Manual will be followed.

4. Absolute cleanliness will be maintained at all times in and
around each operation.

5. Noninsulating safety shoes will be worn by personnel in all
assembly operations.

6. All equipment will be electrically grounded, and it should be
determined by test that all parts of the equipment are effectively
grounded.

7. Empty metal containers which have held black powder will be
thoroughly washed inside with water before they are disposed of.
Serious explosions have occurred with supposedly empty cans.
Wooden containers will be destroyed by burning.

8. Safety tools only will be used in opening or closing containers
or in handling black powder.

9. Processes should be so laid out as to bring about frequent
grounding of operators.

Packing and Marking. The standard container for Army black
powder is a metal keg of 25-pound capacity built in accordance with
ordnance specifications, or a commercial drum of equal quality and
capacity complying with Interstate Commerce Commission regula-
tions. . ,

Black powder in the form of igniting charges may be packed in
airtight, metal-lined containers, complying with Interstate Commerce
Commission regulations; but the amount of black powder packed in
one container is limited to 50 pounds.

In addition to the marking prescribed by Interstate Commerce
Commission regulations, the following identifying data should appear
on Army black powder containers: ordnance contract number; manu-
facturer's name; plant symbols or key letter; name and grade of
material; army lot number; net weight and gross weight.

Storage and Shipping. Ordnance drawings show the recom-
mended method of piling black powder in metal containers. This
method will be followed when new stocks are received or existing
stocks are replied.

Present ordnance drawings recommend storage of black powder
metal containers with longitudinal seams on the side, with lip down
so that moisture will drop off rather than run into the seam. This
is in a pyramided stack. It is suggested, that since rusting occurs at
points where the metal cans contact each other, that a pile built up
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with battens between each layer will afford better protection against
moisture. The use of separators on the battens to prevent even a side
contact of the cans may be found effective. It should be noted that
this is a suggestion. There is no present authority for storage in this
manner.

When black powder is shipped or received, each container will be
inspected for holes, such as those made by nails, which are visible
only upon close examination. Damaged containers will not be re-
paired; the contents will be transferred to new or serviceable con-
tainers.

Metal containers for export shipment will be crated. Usually two
containers are packed in each crate.

Surveillance. Since black powder deteriorates with the absorp-
tion of moisture, and the cans in which it is stored are subject to
rust, a thorough inspection of this material in storage will be made at
least once each year. One or more containers from each lot will be
opened at the time of the annual inspection, and if there is any doubt
as to the serviceability of the powder, the Chief of Ordnance will
be notified of the existing conditions.

Maintenance. Repainting of containers and repacking of black
powder contained in damaged or unserviceable containers constitute
the principal maintenance activities. Black powder containers are
subject to condensation of moisture, which rusts metal drums or kegs,
so repainting is necessary to keep containers serviceable. Repainting
will not be done in a magazine in which explosives or ammunition
are stored. It may be done in a nearby empty magazine, or in clear
weather in the open at least 100 feet from the nearest magazine. The
quantity of black powder at or near such operations will be limited
to 100 pounds. The marking on repainted containers will be checked
carefully to see that it is a facsimile of the old.

The metal caps on certain types of black powder containers deteri-
orate in storage. Replacement of these caps is allowed, but the same
safety precautions as outlined above for repainting containers will
be followed.

Operations such as the removal of black powder from containers
and its transfer from unserviceable to serviceable drums will be con-
ducted in strict compliance with applicable portions of the safety
regulations for black powder charges, as described in the following
paragraph.

Fires. Most black powder fires start from sparks, and ignition
results in an explosion so quickly that no attempt can be made to
fight the fire. Every effort will be made to prevent fire from reaching
stores of black powder, but if this fails, fire-fighting forces will be
withdrawn at least 800 feet from the fire, and will protect themselves
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against an explosion by seeking any cover available, or by lying flat
on the ground.

If an explosion should occur, every effort will be made to prevent
flames from spreading to adjacent mazagines. Fire-fighting forces
must be cautious in approaching a fire which may involve black
powder to avoid being trapped or injured by an explosion.

Safety Precautions. Black powder is regarded as one of the worst
known explosive hazards. When ignited unconfined, it burns with ex-
plosive violence, and will explode if ignited under even slight con-
finement. It can be ignited easily by very small sparks, heat, or
friction.

Most explosions of black powder originate from sparks, and the
safety rules contained in the following paragraphs will be strictly
enforced and obeyed.

A container will not be opened in a magazine in which explosives
or ammunition are stored. This will be done only in a room or build-
ing free from all other explosives or ammunition, or in suitable
weather in the open at least 100 feet from the nearest magazine.
The quantity at or near such an operation will be limited to 100
pounds.

Safety tools only will be used in opening or closing containers, or
in other operations involving black powder.

Safety shoes will be worn in all rooms in which black powder is
handled, and by all persons engaged in handling black powder; the
wearing of nonconductive shoes such as rubber is prohibited.

If the handling of black powder is carried on over a concrete
floor, the floor will be covered with a tarpaulin, or other suitable
material.

Loose black powder is extremely dangerous. Whenever it is neces-
sary to handle loose black powder, not over 50 pounds of powder
in open containers and 50 pounds in closed containers (100 pounds,
total) will be permitted at or near such operations.

' If black powder is spilled on benches or floors, all work will be
stopped until the powder has been removed and the explosive hazard
of any remaining dust or fine particles has been neutralized with
water.

Rooms or buildings in which black powder is handled will be in-
spected frequently for the presence of black powder dust; and all
such dust will be immediately removed with water.

SMOKELESS POWDER.
General. Smokeless Powder is considered in this chapter because

of its succeeding black powder as a propellent. There are so many
variations in the rate of burning of the various granulations and
formulas of smokeless powder that it should be considered as a
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Figure 46 — Flow Sheet — Manufacture of Smokeless Powder
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class 2 explosive, except as noted under "Fires," below, with hazards
largely limited to combustion with intense heat, rather than as a true
low explosive.'

In the latter part of the nineteenth century, smokeless powder of
various forms was considered for use as a propellent. Its rapid devel-
opment toward this end soon led to its replacing black powder for
this use. At present, smokeless powder is the only propellant used.
Its many advantages over black powder as a propellant include:
accurately controlled burning rate; it is nonhygroscopic; it produces
much less flash and smoke when fired; and it is much less hazardous
in handling and storage.

Manufacture. The manufacture of smokeless powder may be con-
sidered as the result of eight major steps. These steps are best ex-
plained by the following outline:

1. PURIFICATION OF THE RAW COTTON.
A. Digestion. The purpose of this step is to remove the vegetable

oils, resins, and other extraneous material in the cotton.
1. Cook. 6 hours, 2 percent caustic soda solution at 72 pounds per

square inch pressure and 152 C temperature.
2. Wash. With water.
3. Bleach. A 2Vi percent solution of commercial bleach for as

short a time as is necessary to decolorize. 36 C.
4. Excess bleach is destroyed with sulfuric acid.
5. Wash and dry.
B. Picking. If uniform nitration is to be obtained, it is essential

that the cotton be of uniform low moisture content, or uniform
physical condition, and free from lumps or other extraneous mate-
rials. The picking process and the drying process, which follows it,
together achieve this uniformity of condition.

1. Picking machine. Cotton torn apart • and fluffed by toothed
rollers revolving at 1,000 revolutions per minute.

2. Air-blast. Cotton blown through flues and past baffles to the dry
house. The baffles separate the fibers from the dust which settles into
elbows or traps in the flues.

C. Dry House. Entering cotton contains about 8 percent of mois-
ture. Treatment reduces this to about 0.5 percent.

1. Continuous drier. Cotton carried by conveyor through a long
chamber heated to about 100 C. Weighted directly from belt into
containers for transportation to dry house.

2. Chamber drier. An alternative method, more costly and less
economical of time. The cotton is placed in long chambers which are
tightly closed and heated to 105 C by a hot air blast. The time for
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a 2,500-pound charge is 24 hours. The end of the process is indi-
cated by a laboratory test of the cotton showing a moisture content
of less than 1 percent. Cotton transferred in fiber containers, carry-
ing 32 pounds each, to the nitrating house.

n. NITRATION OF THE PURIFIED CELLULOSE.
A. Systems Used. DuPont mechanical dipper. Centrifugal. Thomp-

son displacement. Pot.
1. The DuPont mechanical dipper process is the most frequently

used because it is more economical of time, and also because the
fumes are negligible.

The nitration. Four iron or stainless steel nitrators arranged for
handling from a central point. Charge per nitrator is 1,500 pounds
of mixed nitric and sulfuric acid and 32 pounds of cotton. The tem-
perature of the acid is about 30 C. The cotton is drawn beneath the
acid charge by vertically revolving paddles revolving at 60 revolu-
tions per minute. Nitration continues for 24 minutes after which dis-
charge valves in the bottom of each nitrator are opened dropping the
nitro cotton and acid into centrifugal wringers below each nitrator.

The centrifugal wringer is a device, similar to a centrifuge, which
rotates at first slowly at 300 revolutions per minute and later as fast
as 1,100 revolutions per minute. This latter rate is held for 3Vi
minutes. The cotton is forked from the wringer into an immersion
vessel below, from whence it is pumped or transferred by gravity to
the boiling tub house. The heavier acid has been whirled off into
catch basins where small residual amounts of nitrocotton are allowed
to settle out.

HI. PURIFICATION OF THE NITRATED CELLULOSE.
A. The Preliminary Boiling. The purpose of this step is to re-

move lower nitrated bodies and other impurities. The first boil lasts
16 hours, and is done in a solution of 0.1 to 0.3 percent sulfuric acid.
Three neutral water changes are then made, the second and third
coming at 8-hour intervals. The entire process consumes 40 hours.

B. Pulping. The purpose of this operation is to macerate the
fibers of the nitro cotton in order to liberate free acid absorbed
within the fiber. Also a finer state of division is obtained. The Jordan
engine used in this process is a conical rotor in which are set broad
bladed knives. These knives macerate the fibers as they are pushed
through by a large volume of water. The desired degree of fineness
is indicated by a clean break of a squeezed dry handful of material.
Actual fineness is shown by laboratory test.

C. Poaching. The purpose of this process is to neutralize the acid
liberated during the pulping process. It is similar to the preliminary
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boiling except that it is carried out in a first water which is alkaline
rather than acidic. The solution of first water is made up by dis-
solving 1 pound of SODA ASH (sodium carbonate) to a gallon of
water. Seven and a half gallons of this solution are used to every
3,000 pounds of dry nitrocellulose. The other waters used are neu-
tral and there are four rather than three changes. Ten cold water
washes conclude the process.

D. Testa. At this stage of the process, various tests are per-
formed on the nitrocellulose to indicate various properties which
are of importance to later steps in the process. It is tested for:
• 1. Stability of the pyrocotton by KI test (potassium iodide and
heat test at 134.5 C).

2. Percentage of nitrogen in the pyrocotton.
3. Solubility of the pyrocotton in the ether-alcohol mixture.
4. Degree of fineness.
5. Ash.
E. Screening. The purpose of this process is to remove any lumps

or foreign materials. It is carried out in a Packer screen which is a
brass plate having slits 0.025 inch wide. The pyrocotton is drawn
through the slits by suction. Lumps are returned to the pulping
process.

• F. Wringing. The purpose of this process is to remove me-
chanically the larger amount of water present in the pyrocotton so
that the dehydration with alcohol is accomplished with the minimum
amount of water present. The wringer is a perforated brass basket
lined with 24-mesh screen. This is revolved at 950 revolutions per
minute for about 7 minutes. The moisture content will average 26 to
28 percent after this process.

IV. FORMATION OF THE COLLOID.
The purpose of this step is to put the nitrocellulose in a form in

which its ballistics can be controlled.
A. Dehydration. The nitrocellulose as it leaves the previous step

contains about 28 percent of moisture. The dehydration process re-
moves this moisture and leaves in its place the required amount of
alcohol solvent. The nitrocellulose is placed in a hydraulic press, and
a pressure of 250 pounds per square inch is applied to squeeze out a
portion of the excess moisture. One and a quarter pounds of alcohol
per dry weight pound of nitrocellulose is then added under pressure
and the pressure in the press is raised to 3,500 pounds per square
inch. The first portion of alcohol combines with residual moisture
and is forced out leaving a block practically free of moisture. The
remaining portion is that amount of alcohol necessary as a solvent
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B. Breaking. The dehydrated block of nitrocellulose from the
press is broken up to enhance the next process. The block is broken
by being thrown against prongs and wire screens in a rotating drum.
This produces small lumps which readily lend themselves to the
mixing process.

C. Mixing. At this point, the ether necessary as a solvent for
formation of the colloid is added. In solution with the ether is the
diphenylamine necessary as the stabilizer. The finished powder will
contain 0.9 to 1.10 percent diphenylamine. The mixing is accom-
plished in a water-cooled tank in which agitators rotate in opposite
directions, thus kneading the material in the mixer. The ether is
poured in rapidly to minimize evaporation, and the material is kept
in closed containers from this point onward, for the same purpose.

D. Pressing. The mechanical action of three pressing operations
completes the formation of the colloid.

1. The preliminary blocking press. Hydraulic press similar to the
dehydrating press. The material is formed into a cylindrical block at
3,500-pound per square inch pressure.

2. The macaroni press. The block from the previous process is run
through one 12-mesh-per-inch steel plate, two 24-mesh-per-inch steel
screens, and one 36-mesh-per-5nch steel screen at a pressure of
3,500 pounds per square inch.

3. The final blocking press. The material is again formed into a
cylindrical block at a pressure of 3,500 pounds per square inch in a
press similar to the preliminary blocking press. The colloid has now
changed its appearance from a mass resembling light brown sugar
to a dense, elastic, translucent brown or amber substance.

V. GRAINING AND CUTTING.
The granulation of the powder is one of the major factors in con-

trol of the burning rate. The block of colloid from the previous proc-
ess is forced in horizontal or vertical hydraulic presses through steel
dies. The press head may be equipped with 1 (16-in. gun powder)
to 36 (small-arms powder) dies. The material issues from the press
in strands which are led over pulleys to the cutters. The cutters are
finely adjusted and control the length of the grain very closely.

VI. SOLVENT RECOVERY.
An excess of solvent is used to enhance formation of the colloid.

The solvent recovery process removes the greater portion of this
excess. The equipment used for this process varies but the cycle of
operations is the same in all cases. Warm air is circulated through
the powder in a closed chamber, and then passed over cold condenser
coils where it loses the solvent it has picked up. The cycle is re-

84



AMMUNITION INSI N GUIDE EXPLOSIVES
I I

1 i
8

s
5

o

ev
2:

Jj

86 I

peated as long as necessary; large calibers requiring a greater length
of time than smaller calibers. The rate of recovery is carefully con-
trolled in order that an even removal of solvent will be obtained,
and in order that shrinkage may be controlled .

VII. DRYING.
A certain amount of solvent is retained in the powder by specifica-

tion as an additional factor in control of the burning rate. The dry-
ing process removes residual solvent to this point. It is more finely
controlled than the sp.lvent recovery process. Three processes are in
use.

A. Air-dry. The most satisfactory from standpoint of. stability.
The powder is placed in bulk in narrow bins and subjected to heat.
The time necessary to drive off the required amount of solvent, and
the necessary temperature increases with larger calibers of powder.
Laboratory test of samples indicates the end of the process. Control
is essential since increase in percentage of retained volatiies reduces
the rate of burning and the energy content of the powder. Thirty to
90 days are usually necessary.

B. Water-dry. The most satisfactory from the standpoint of time
consumed. Warm water is circulated through the powder at a tem-
perature of 25 C to 55 C. The powder after a few days of this treat-
ment is air dried for another few days. The moisture content will, of
course, be higher than that of air dried powders.

C. Continuous-dry. The powder is slowly run through a chute
as warm air is passed through it. Baffles in the chute retard its prog-
ress. A shaking device controls the rate of progress. This process is
most economical of time, and is also satisfactory from the standpoint
of stability and fineness of control. 100,000 pounds of 75-mm pow-
der may be dried by this system in 24 hours.

VIII. BLENDING.
In order to obtain uniformity of ballistics, lots of powder are thor-

oughly mixed or blended. This blending insures that all charges man-
ufactured from a lot of powder will have similar ballistics. Lots range
in size from 15,000 to 50,000 pounds for small arms and minor
calibers to 100,000 pounds for larger calibers. The operation consists
of transferring the powder by gravity from an upper to a lower bin. A
baffle fans out the powder and insures proper mixing. A continuous
cycle is the most recent development. Two buildings are placed 100
feet apart, each with upper and lower bins. Powder is transferred by
conveyor belt from lower bins of one to upper bins of the other.
Four complete cycles complete the blending. The powder is weighed
into storage containers from the blending operation.
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Disadvantage of Early Nitrocellulose Powders. The straight ni-
trocellulose or NC powders, if exposed to the atmosphere, were sub-
ject to change. Exposure to a humid atmosphere will cause absorp-
tion of water and a resultant reduction in the rate of burning and
in energy. It will also cause deterioration of the powder by hydroly-
sis. As previously stated, the ether-alcohol solvent is not entirely re-
moved, but is allowed to remain in percentages ranging from 3 to 7.5
percent for purpose of controlling ballistics. If the powder is exposed
to a warm dry atmosphere, this residual solvent will escape with a
resultant increase in the burning rate and energy of the powder. Bal-
listics will thus be affected.

Another objection to the NC powder was the large, brilliant muzzle
flash produced upon firing. This flash aided the enemy in locating
gun positions during night firing. The flash was caused by unburned
propelling charge gases meeting the outside air at kindling tempera-
ture. Ignition and muzzle flash resulted.

Materials Added to FNH and NH Powders.
Diphenylamine (D.P.A.). This substance stabilizes the smokeless

powder by combining with nitrous fumes given off as a result of de-
terioration. When nitrocellulose reacts with water, it hydrolyzes and
reverts back to cellulose and free acid. The free acid is given off in the
form of acidic gaseous oxides of nitrogen. The presence of these
acidic fumes causes acceleration of the deterioration. The reaction
builds up heat as it progresses until finally the kindling temperature
of the nitrocellulose is reached and spontaneous ignition results.
Diphenylamine by chemically combining with the acidic fumes pre-
vents this acceleration of reaction as long as any of it remains present
and uncombined. It thus prolongs the stable life of the powder.

Dibutylpthalate (D.B.T.). This substance is used as a cooling agent
and as an inhibitor of hygroscopicity. It is an oily viscous liquid and
is inert in the explosive sense. Since it is inert explosively, it cools the
gases from the propelling charges below their kindling point and thus
prevents muzzle flash when they reach the outside air. Since it is
oily and viscous, it acts to sheer off water and thus overcomes the
hygroscopic tendencies of the nitrocellulose. It is added during the
mixing process of the formation of the colloid and replaces a portion
of the volatile solvent necessary to the old NC powder. In this way,
it reduces the percentage of volatile constituents present and thus
the possibility of loss of volatile ingredients.

Dinitrotoluene (D.N.T.). This is used as a coat on certain small-
arms powders to control the burning rate. Used as dinitrotoluene oil
in larger calibers, it aids in reducing hygroscopicity. In reducing per-
centage of volatiles present, and being explosive in nature to a certain
extent, it compensates, to a degree, for the loss in potential caused
by incorporation of the explosively inert dibutylpthalate.
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The terms FNH and NH are related to the caliber of weapons in
which the powder is used. As weapons increase in caliber, the powder
charge also increases, and at a rate in excess of the increase in length
of gun barrel. In larger weapons, therefore, not enough D.B.T. can be
added to cool unburned gases before they reach the muzzle of a com-
paratively shorter barrel, as related to the increase in weight of the
charge. Generally speaking, FNH and NH powders have the same
composition, the flashlessness depending upon the weapon in which
the powder is used.

The potential of FNH and NH powders is somewhat lower than
that of NC powders due to the addition of the inert cooling agent.
However, it is not so much lower that the FNH and NH powders can-
not be used in the same weapons as the NC powders without modifica-
tion of the weapons.

Control of Burning Rate of Smokeless Powder. Three funda-
mental factors influence the burning rate of smokeless powder. These
will best be considered individually:

1. Size and shape of grain. The rate of burning of a grain of pow-
der is said to be degressive when the burning surface of the grain
is reduced as the grain consumes itself. This results in the intensity
of burning, and thus the amount of gases produced, lessening con-
tinually as the grain is consumed. Grains which exhibit a degressive
rate of burning include strip, cord, and monoperforate types (fig. 49).

Conversely, the rate of burning is .said to be progressive when the
burning surface of the grain increases as the grain consumes itself.
This results in the burning rate, and thus the amount of gases pro-
duced, increasing continually as the grain is consumed. Progressive
burning is exhibited by multiperforate rosette or multiperforate cylin-
drical grains (fig. 49). It will be noted that perforated grains have
either one or seven perforations. There are no intermediates.

When the multiperforate cylindrical grain burns, slivers which burn
degressively are formed as the perforations enlarge through burning
and meet the decreasing outer surface. In such weapons as the 12-
inch seacoast mortars the barrel is not sufficiently long to allow com-
plete burning of these slivers, and they are thus expelled from the
muzzle in the unburned state. To reduce the amount of powder thus
wasted, the sliverless grain was developed. This is commonly known
as rosette (fig. SO).

2. The percentage of volatile and inert ingredients and retained
moisture. The moisture retained in smokeless powder acts as an adul-
terant in the same way as it would in black powder. That is, it slows
the burning rate and reduces the energy of the powder. The moisture
reduces the energy of the powder and its rate of burning directly.
For example, if a powder of 100 units of nitrocellulose has an energy
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Figure 49 — Forms of Powder Grains

of 100, a powder of 99 units of nitrocellulose and one unit of mois-
ture will have 99 units of energy.

Alcohol, ether, diphenylamine and other carbon and hydrogen
compounds have a greater effect than does moisture because they
utilize some of the energy of the powder to burn themselves. Their
effect, if the effect of water is taken as one, would be as follows:

Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.0
Alcohol . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.5
Graphite . . . . . . . . . . . . . . . . . . . . . . . . . . 2.5
Diphenylamine . . . . . . . . . . . . . . . . . . . . . . 4.0
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Figure 50 — Burning Groins

Other substances of like nature would influence the energy of powder
in ratios corresponding to their carbon content and the readiness with
which they will take part in the reaction.

3. The web average. The web of a powder grain is defined as
the least burning thickness between parallel surfaces on a diameter.
This factor is used as a control of the burning rate of multiperforate
grains. As shown by the diagram (fig. 50), these grains will have two
webs, an inner and an outer web. The web average is an average
of these webs as shown. Powders having a thicker web are slower
burning, and powders having a thinner web are faster burning.

Generally speaking, web thickness increases with caliber. How-
ever, shorter barreled weapons such as the howitzer and mortar will
require thinner webs to achieve complete burning. Also, the larger
the capacity of the powder chamber, the thicker the web of the
grains.

Final Dimensions Factors in Design of Powder. Generally speak-
ing, the weight of the projectile effects the design of powder since
the heavier the projectile the thinner is the web required, consistent
with the maximum chamber pressure. • ,

Also, the greater the velocity desired the thicker is the web re-
quired, consistent with the maximum chamber pressure.

The maximum chamber pressure of any weapon is a constant.
Therefore, an increase in weight of the projectile or an increase in
velocity will require a slower burning powder, or in other words one
of thicker web.

Causes of Deterioration in Smokeless Powder. Moisture causes
hydrolysis of nitrocellulose with the evolution of nitrous fumes. Pres-
ence of fumes will cause acceleration of the deterioration, a building
up of heat, and finally spontaneous ignition of the powder.
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A specified percentage of volatile solvents and moisture is allowed
to remain in the finished powder as a control of burning rate. Any
change in this content will result in a change in ballistics, thereby
making the powder useless from a ballistic standpoint.

Heat will accelerate any chemical reaction. Moisture and heat will,
therefore, cause the powder to deteriorate more quickly than moisture
alone.

Smokeless powder is kept in airtight containers. Fluctuating tem-
peratures to extremes set up expansions and contractions which may
cause leaks in the containers, and thus allow moisture to enter and
volatiles to escape. "

Packing and Marking. Smokeless powder is packed in accord-
ance with the following general rules. Specific requirements for pack-
ing are covered in ordnance drawings, specifications, and directives.

The standard container for multiperforated nitrocellulose powders
with web thickness of 0.019 inch and above is an all steel box of
110-pound capacity, constructed in accordance with ordnance draw-
ings.

Standard containers for most double base powders, single perfor-
ated powders, and a'l powders with web thickness less than 0.019
inch are metal-lined wooden boxes, constructed in accordance with
ordnance drawings.
' For temporary storage, or transportation to loading plants, most

powders may be packed in fiber containers in accordance with in-
structions issued by the Chief of Ordnance.

In addition to the marking required by Interstate Commerce Com-
mission regulations, the following data should appear on smokeless
powder containers: initials of the manufacturer whose formula is
used; type of powder; manufacturer's initials; lot number; year of
manufacture; caliber of gun for which intended; net weight.

Storage. The methods of piling bulk smokeless powder in boxes
are shown on ordnance drawings. These drawings will be followed
when new stock is piled, or existing stock rearranged.

Smokeless powder containers (bulk) are piled in double ranks,
tops toward the aisles, and inclined at a 20-degree upward angle.
This angle is to allow for insertion of methyl violet paper in con-
tainer of powder undergoing inspection, without spilling of powder
from the containers. Powder not as yet requiring inspection need not
be stored at this angle. When restoring bulk powder containers which
require inspection, a point should be made of keeping the methyl
violet paper inserts uppermost.

The stability and useful life of smokeless powder are adversely
affected if it is stored in a damp atmosphere or subjected to high
temperatures. A combination of the two is particularly bad. Maga-
zines for smokeless powder should be dry, and the ground around
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them should be well drained. They should have a minimum varia-
tion in temperature and a free circulation of cool, dry air, except that
a free circulation of air is not ordinarily required for smokeless pow-
der stored in igloo magazines. Small-arms powders in bulk are stored
in the same manner as cannon powders. As they may deteriorate
more rapidly than cannon powders, the selection of proper storage
magazines and the maintenance of good storage conditions are most
important.

Smokeless powder in containers will not be exposed to the direct
rays of the sun for any long period of time. Containers which cannot
be placed promptly under cover will be covered with a tarpaulin
placed so that air can circulate through the pile.

Rough handling of smokeless powder containers is prohibited, as
seams may be opened in the containers or liners thus allowing air
and moisture to enter the container, creating conditions which may
seriously affect the .life of the powder.

Surveillance. All bulk smokeless powder, except those lots man-
ufactured within 15 years of date of inspection, will be inspected in
accordance with the following procedure (see also, OFSB 3-13).

Each box will be opened If the powder smells of nitrous fumes,
or if the N/10 methyl violet paper has turned white, that box will
immediately be segregated and subsequently be disposed of in ac-
cordance with regulations in OFSB 3-13. If neither of the above de-
fects are found, a new dated N/10 methyl violet paper will be placed
in the box, and the box returned to storage. If the amount of defec-
tive powder in any one lot equals 10 percent of the lot, the balance
of the lot will be inspected thereafter at 6-month intervals.

Separate-loading propelling charges follow the same scheme ex-
cept that inspection is not started until the powder has reached an
age of 20 years from date of manufacture. Also the bags shall be
removed from the cartridge-storage case for charges for 155-mm
gun, 6-inch gun, 8-inch gun, 10-inch gun; 155-mm and 240-mm
howitzers; and 12-inch mortars, and inspected for brown spots, odor
of nitrous fumes, and general deterioration of the bag.

With charges for 12-inch, 14-inch, and 16-inch guns, the bags will
not be removed unless the N/10 methyl violet paper shows signs
of discoloration.

Segregated charges will be disposed of in accordance with regula-
tions in OFSB 3-13. Satisfactory charges will be returned to storage
with a new dated methyl violet insert.

Where the number of defective charges in any one lot reaches
10 percent, the balance of the lot will thereafter be inspected at
6-month intervals.

Maintenance. The principal maintenance activities are the repair
of damaged containers and the replacement of defective covers and
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gaskets. Containers for bulk powder are not ordinarily air-tested in
storage. They are substantially made arid should not develop leaks
after they have been filled and air-tested, unless they have been sub-
jected to extremely rough handling.

Powder will not be stored or shipped in damaged containers. The
outer or wood container usually can be repaired or replaced without
removing the contents of the inner container. This work will be done
in a suitable room or building, free from all other explosives or am-
munition, or in clear weather, in the open, shaded from the sunlight
at sufficient distance to comply with quantity-distance requirements,
but in no case closer than 100 feet from any building containing ex-
plosives or ammunition. Safety tools will be used.

When the inner metal container is damaged, or when powder is
to be repacked in new or serviceable containers, all repacking will
be done in a suitable room or building, free from all other explosives
or ammunition, where the powder will not be exposed to a damp
atmosphere or the direct rays of the sun. Each container, in which
powder is to be repacked, will be air-tested both before and after it
is filled. This will be done with the air-testing apparatus used for
testing the containers for separate-loading propelling charges, and
using a special cover fitted with an air-test hole. The amount of
powder at or near repacking operations will be limited to that in one
open container and nine closed containers. The distance from nearby
buildings containing explosives will be in accordance with the intra-
plant quantity-distance table, and in no case less than 100 feet. The
inner metal container will not be repaired or soldered until precau-
tions have been taken to insure that it contains no loose grains of
powder or powder dust. Safety tools only will be used.

Fires. Careful study of the reports of several smokeless powder
fires, which have occurred at ordnance establishments, shows that
bulk powder in storage constitutes an unusual and severe fire hazard
which in most cases can be confined to the building in which it origi-
nates. If a fire is discovered in a magazine, there is little chance that
the building can be saved, and the efforts of the fire-fighting forces
will be confined to protecting adjacent magazines. Because of the
intense heat generated by burning smokeless powder, all fire-fighting
equipment must be halted at least 200 yards from the fire, and all
available cover utilized by the fire-fighting forces. A "careful watch
will .be maintained for burning embers and grass fires in order to
prevent the fire from spreading. If a fire occurs in a magazine or
repacking room where employees are working, and involves only a
small amount of loose powder (not more than 150 pounds), an effort
should be made to control and prevent the spread of the fire.

NOTE: All types of smokeless powders, are class 2, except for the
extremely fine flake powder of high nitroglycerine content used in
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trench mortar ignition cartridges, which are class 9. In the case of the
latter type, the powder will be stored as class 9 explosives as regards
quantity-distance tables. Personnel engaged in combating fires involv-
ing this type powder will use the same precautions as for bulk high
explosives.

EXPLOSION HAZARDS OF SMOKELESS POWDER.
When smokeless powder, other than the extremely fine flake pow-

der, in bulk, of high nitroglycerine content as used in trench mortar
ignition cartridges, is stored in magazines in containers or propelling
charges, there is no evidence to indicate that fires will rise to any
unusual hazards. Cases have been reported in which pressures suffi-
ciently great to result in structural damage have occurred but which
involved the burning or explosion of smokeless powder under cir-
cumstances not ordinarily encountered in the storage of the material
in standard containers. It is known that pressures may develop when
extremely fine bulk flake powder of high nitroglycerine content is
burned under normal storage conditions; for this reason, powders of
this type are considered class 9 explosives and are to be stored and
handled as such. Normally, -when other types of smokeless powders
are burned under conditions encountered in storage, dangerous'pres-
sures do not develop. There is, however, evidence that explosions
of nitrocellulose powders up to large grain sizes are capable of being
propagated from box to box when initiated by the detonation of a
high-explosive charge.

Safety Precautions. Smokeless powder exposed to extremely ad-
verse conditions of moisture and temperature for a long period of
time may ignite spontaneously. Care will be taken to protect powder
from excessive temperature and moisture, as such conditions hasten
decomposition. It always must be protected from the direct rays of
the sun. If powder becomes wet or damp, or if there is any reason
to suspect that it has been exposed to moisture, it will be segregated
from other powder until it has been found 'satisfactory by stability
tests. When leaking containers are discovered, an examination of the
contents will be made for the odor of decomposing powder and the
evolution of reddish fumes. If any such condition is observed, the
powder will be segregated or disposed of in accordance with perti-
nent Ordnance Field Service Bulletins.

Powder will always be stored in containers, but should powder be
spilled or powder dust accumulate, it will be removed immediately,
as loose powder and powder dust are dangerous fire hazards. Drag-
ging powder boxes over smokeless powder grains has been the cause
of serious fires. Extreme care will be taken to guard against powder
dropping into cracks and crevices or lodging in places where it may

95



1M 9-1904 TM 9-1904
AMMUNITION INSPfcK. ,H GUIDE

remain over a long period of time without being 'detected. It is be-
lieved that many fires have occurred from this cause.

In opening containers or repairing damaged boxes containing
smokeless powder, safety tools will be used, and if powder is being
repacked, the floor will be covered with tarpaulins, and safety shoes
will be worn.

COMPOUND PROPELLANTS.
Ballistite. A double base compound propellant is a powder com*

posed of nitrocellulose and nitroglycerine.
A single base compound propellant is a powder composed of nitro-

cellulose and other explosive factors.
Ballistite is our best example of a double-base powder. It is com-

posed of: 60 percent nitrocellulose; 39 percent nitroglycerine; 0.75
percent diphenylamine; coating graphite.

It may be found in use as a propellant for trench-mortar ammuni-
tion and as a propellant for shotgun shells.

It is of satisfactory stability, the oily nitroglycerine content over-
coming hygroscopic tendencies of the nitrocellulose.

E. C. Blank Powder. E. C. Blank powder is our best known
single-based compound powder. It is composed of: 80.4 percent, nitro-
cellulose; 8.0 percent potassium nitrate; 8.0 percent barium nitrate;
3.0 percent starch; 0.6 percent diphenylamine.

It is used as a bursting charge for fragmentation hand grenades
and as a filler for small-arms blank ammunition.

Storage. Compound propellents require similar precautions in
storage and handling to those discussed for smokeless powder earlier
in this chapter. They are not identical, however, and further study
should be made before extensive handling of these powders.

FURTHER REFERENCES i
TM 9-2900; O.O. 7224, Ordnance Safety Manual.

Chapter 3
High Explosives

GENERAL.
When the entire field of high explosives is considered, the term

"military high explosives" has a restricted application to a small num-
ber of substances. Those substances whose rate of decomposition is
so rapid as to preclude their use as propellents, but which on the
other hand bring about a very disruptive action are known as deto-
nating substances, or more commonly as high explosives. The selec-
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tion of various substances for use as a military high explosive are
dependent on various factors.

Requirements for a Military High Explosive. The following fac-
tors must be considered in the selection of a substance for military
use as a high explosive:

1. Availability of raw material. There are many high explosives
which are excellent for use, but cannot be used for military purposes
because the materials for their manufacture are not available in this
country or from friendly neighbors. It is needless to mention that high
explosives whose basic materials are available only in enemy territory
are unsuitable for use as a military high explosive.

2. Cost of manufacture. Another factor to consider is the cost of
manufacturing processes. The basic material may be available, but
the machinery, the technical skill required in manufacture, and the
danger involved may be so restrictive as to make the cost of its
manufacture too expensive. An important point to note is the quantity
of explosive desired for military use. That explosive which is used in
great quantity must cost less than the explosive used in smaller
quantities. For example, the TNT which is used in the greatest quan-
tity as a military high explosive costs $0.14 to $0.25 a pound; tetryl
which is used in smaller quantities as a military high explosive costs
$0.60 to $ 1.00 a pound while mercury fulminate which is used in the
least amount as a military high explosive costs $3.25 a pound.

3. Stability in storage. Military high explosives must not undergo
decomposition in storage. Military high explosives manufactured to-
day may be used years later, and therefore must be stored. High ex-
plosives which would deteriorate and be subject to change over a
period of time not only under favorable conditions, but even under
adverse conditions of storage, such as high temperature and humidity

. are hot desirable for military use.
4. Hygroscopicity. A substance is defined as hygroscopic when it

shows a tendency to absorb moisture. Such a characteristic, evidenced
in a high explosive, indicates the possibility of this explosive to deteri-
orate in storage, or to corrode the casing in which it is inclosed.

5. Reaction with metals. High explosives for military use are usu-
ally loaded in metal shells, projectiles, and casings. A high explosive
which reacts .with metals will not only corrode its container, but in
many instances will produce new, very sensitive explosive compounds;
picric acid, for example, produces metallic picrates. These new com-
pounds or high-explosive salts which are produced are much too dan-
gerous to handle for military use.

6. Sensitivity to shock incident to loading, handling, and shipping.
A high explosive used for military purposes must be loaded into the
shell, handled, and shipped in large quantities. Many times it under-
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goes rough treatment during this procedure, treatment which will
occur even with reasonable care in handling the explosive. A high
explosive which will detonate under shocks which are unavoidable
in its transit from the coarse high explosive to the firing point is de-
cidedly not suitable for military purposes.

7. Sensitivity to setback action in the weapon. The force of set-
back that takes place in the barrel of the weapon illustrates a basic
principal of physics. From Newton's law, it is known that objects at
rest tend to stay at rest and that objects in motion tend to stay in
motion. Setback is the force due to this fundamental principal of
inertia. The shell with high-explosive filler and all its components
are at rest when the shell is placed into the weapon. Suddenly the
shell is propelled forward at a very high velocity. All components
in that shell tend to fall back toward the base of the shell, and do
so with terrific impact. Many high explosives under such conditions
may explode. A high explosive for military use which is reasonably
well loaded must not detonate in a weapon under such conditions.

8. Brisance or shattering effect. A very obvious requirement for a
military high explosive is its ability to shatter its surrounding medium
when properly initiated. A substance must have brisance or shatter-
ing effect to be considered suitable for a military high explosive.

9. Suitability for its purpose. Not all high explosives have the same
brisance nor the same ability to be initiated by various external
forces. A military high explosive on the basis of its characteristics is
assigned to a certain use or purpose which is determined mainly by
its brisance and sensitivity. It must be suitable for the requirements
set forth for that purpose to be considered as suitable for military
use. A further study of this point will be made in the chapter deal-
ing with explosive trains.

It must be kept in mind that not all high explosives employed to-
day for military use fulfil all the requirements desired, but several
of the requirements are absolutely essential. Therefore, some disad-
vantages may be overcome in such a way that the military high
explosive will meet the requirements deemed necessary for its use.
For example, picric acid reacts with metals. This disadvantage can be
overcome by painting the inside of the shell with a nonmetalltc and
actdproof paint. The requirements as listed, therefore, can be con-
sidered as those which depict the ideal military high explosive.

TRINITROTOLUENE (TNT).
General. Although trinitrotoluene was known as early as 1863,

it was not suggested as an explosive until about 1890, and its impor-
tance from a military standpoint dates from 1904. Since that time,
it has appeared as the principal constituent of many explosives, and
has been used by itself under such various names as triton, trotyl,
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tolite, trilite, trinol, tritolo, etc. It is commonly known in this country
by the abbreviation TNT. The term trinitrotoluol, which is more
generally used than trinitrotoluene, is less correct from the chemical
point of view than the latter.

The importance of this explosive is based upon its relative safety
in manufacture, loading, transportation, and storage, on the fact that
it is not hygroscopic, on the lack of any tendency to form unstable
compounds with metals, and upon its powerful, brisant, explosive
properties.

Properties. Color and solubility. TNT usually resembles in ap-
pearance, light brown sugar, although in different grades of refinement
or purity its color and appearance vary. When pure, it is a crystalline
powder of very pale straw color. It dissolves readily in ether, acetone,
alcohol, and various other solvents, but it is practically insoluble in
water.

Classification. TNT is classified in U. S. Army Specifications into
two grades designated as grade I, with a setting point of 80.2 C
minimum, and grade II, with a setting point of 76.0 C minimum.
Grade II is obtained directly by the nitrating process, while grade I
must be prepared by recrystallization or by special chemical treat-
ment of grade II material.

Safety precaution. Both grades of TNT are slightly toxic, and it
is necessary that proper precaution be taken by those engaged in its
manufacture or handling to avoid inhaling the vapors or dust from
the molten or crystalline material. Good ventilation in manufactur-
ing or shell loading plants is highly essential, and personal cleanliness
should be enforced. All clothing should be changed upon the begin-
ning and completion of work.

Stability. TNT is one of the most stable of high explosives, and
when properly, purified may be stored over long periods of time with-
out alteration.'It is quite insensitive to blows or friction, but can be
detonated by severe impact between metal surfaces. When ignited
by flame, it burns rapidly without explosion. Burning or rapid heat-
ing of large quantities especially in closed vessels may, however, cause
violent detonation. It should therefore be melted in equipment so
arranged that the maximum temperature of the melting unit cannot
exceed 105 C

Chemical action. While TNT has no tendency to form compounds
with metals, thereby producing sensitive salts, it will react with
alkalies such as sodium hydroxide or sodium carbonate to form un-
stable sodium salts which are quite sensitive. For this reason, the
use of alkalies in purification of TNT is not permissible.

Detonation. TNT in crystalline form detonates readily under the
influence of a No. 6 detonator (containing 1 gram of mercury ful- .
minate). When compressed to a high density, it requires a No. 8
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detonator (containing 2 grams of mercury fulminate), and when cast,
it is necessary to employ a booster charge of pressed tetryl, or an
explosive of similar high brisance, to insure complete detonation.

TNT may be classed as a "quick acting" explosive. It detonates at
a rate varying from about 5,200 meters per second for loosely com-
pressed material to nearly 7,000 meters per second for material cast
or compressed to its maximum density.

Decomposition. The decomposition of TNT on explosion may be
regarded as occurring according to one or both of the following re-
actions:

2C6HZ(CH3) (NO*);, = 12 CO + 2CH4 + H2 + 3N,
2C6H2(CH3) (NO.,).., = 12 CO + 5H., + 3N2 + 2C.

The deficiency in oxygen as indicated by both of these reactions is
always apparent from the black smoke produced by the explosion
of TNT. This deficiency of oxygen may be compensated for by addi-
tion of such substances as ammonium nitrate or sodium nitrate in
various proportions, the resulting mixtures being designated as amatol
and sodatpl, respectively.

Manufacture. Manufacture of TNT involves the following proc-
esses:

1. Nitration of: toluene to mononitrotoluene; mononitrotoluene to
dinitrotoluene; dinitrotoluene to trinitrotoluene.

2. Washing the finished product until free of acid.
3. Purification by remelting and chemical treatment or recrystal-

lization.
4. Granulation, screening, and drying.
The detailed procedure involved in each of these steps will not

be discussed here. It may be found in TM 9-2900, and other refer-
ences indicated at the close of this chapter.

Uses. Bursting charge. Grade I TNT is slightly more expensive
than grade II because it requires the additional purification. Grade I
is used as the bursting charge for high-explosive shell, either alone
or mixed with an equal weight of ammonium nitrate to form 50/50
amatol. (The TNT, in either case, being melted so that the shell
is filled by a casting or pouring process.) Grade II is used only
in 80/20 amatol, where it is mixed in the molten state with four
times its weight of ammonium nitrate and filled into high-explosive
shell by hand stemming or by means of a screw filling machine.

A charge of about IVi pounds of cast TNT in a 75-mm high-
explosive shell weighing about 10 pounds breaks up the shell into
approximately 400 fragments retained on a 4-mesh screen.

Other military uses for TNT are as a bursting charge for rifle
grenades, airplane drop bombs, naval submarine mines, depth bombs,
and as a constituent of propellent powder. In airplane bombs, it has
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the disadvantage that penetration of the bomb by a rifle bullet may
cause an explosion of the charge. This is also true of amatol, which
is used extensively in drop bombs.

Demolitions. TNT is also used for military purposes in demolition
work on bridges, railroads, etc., and for land mines placed under
enemy.trenches or fortifications. For demolition work carried on by
the Corps of Engineers, the TNT is made up in the form of small,
highly compressed blocks inclosed in a fiber container which protects
them from crumbling in handling and renders them waterproof.

Airtight seal. TNT is used in conjunction with other explosives,
such as amatol, to seal the amatol from moisture and to act as an
efficient explosive to receive the detonating wave from the booster.

Blasting work. TNT has been demonstrated to be suitable for all
kinds of blasting work where 40 or 60 percent dynamite is used and
to give practically equal effects. It is well adapted for "adobe" shoot-
ing or "mud capping," terms applied to breaking up large rocks or
boulders by means of a charge of high explosive placed on the rock
and confined only by means of a shovelful of mud or wet earth
thrown over it. Only quick-acting explosives can be successfully used
for such work. Even in drill holes containing water, TNT gives excel-
lent results because of the fact that it is insoluble in water. How-
ever, its use for blasting has been negligible because of the fact that
it is expensive as compared with commercial dynamites.

Detonating /use. "Cordeau Bickford," a trade designation for deto-
nating fuse, consists of a flexible lead tube, smaller in diameter than
a lead pencil, filled with TNT. It is quite extensively used in certain
blasting operations, especially for insuring complete detonation of
large charges of dynamite. The detonating fuse, being passed through
the entire length of the charge and detonated at its external end by
means of an ordinary blasting cap, transmits its high rate of detona-
tion to the entire charge of dynamite..

AMMONIUM PICRATE (EXPLOSIVE D).
General. The use of ammonium picrate as an explosive was pat-

ented by Nobel in 1888 (Mosenthal, Jour. Soc. Chem. Ind., Vol. 18,
p. 447, May, 1899), although even prior to that time Brugere made
use of a mixture of ammonium picrate and sodium nitrate as a
propellent explosive.

The importance of ammonium pic?ate as a military explosive is
due entirely to its marked insensitiveness to shock and friction, which
makes it well suited for use as a bursting charge in armor-piercing
projectiles. From the standpoint of brisance, however, this explosive
is inferior to TNT.

Properties.
Color and solubility. Ammonium picrate is soluble in water, crys-
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tallizing from its solution in orange-yellow needles darker in color
than picric acid. It resembles picric acid in its bitter taste and prop-
erty of dyeing the skin, clothing, etc., of those engaged in its manufac-
ture or handling.

Hygroscopicity. It has a much greater tendency to absorb moisture
than has picric acid, samples having been found to absorb over 5
percent by weight of water during storage for 1 month in an atmos-
phere saturated with moisture.

Chemical action. Like picric acid, ammonium picrate can react
with metals to form metallic picrates, but it reacts with much less
readiness than picric acid; in fact, when dry its action is almost neg-
ligible. Wet ammonium picrate reacts slowly, especially with copper
or lead, to form picrates which are particularly sensitive and dan-
gerous.

Heat action. Ammonium picrate does not melt on heating, but ex-
plodes when heated to a temperature of about 300 C. Small traces
of metallic picrates may however lower this ignition temperature
appreciably.

Sensitivity. Ammonium picrate is the least sensitive of all military
explosives used as the bursting charge for shell. Its insensitiveness to
shock accounts for it being given preference over TNT or amatol as
the bursting charge for armor-piercing, base-fuzed shell. It is also
more insensitive to detonation by means of mercury fulminate than is
TNT. At a pressure of about 12,000 pounds per square inch the two
explosives have the same densities, about 1.48.

Toxicity. Like TNT and picric acid, ammonium picrate liberates
free carbon on explosion, giving a black smoke. The products of explo-
sion, although more disagreeable in odor, are less poisonous than
those from TNT and picric acid in that they contain less carbon
monoxide.

Manufacture.
Process. The manufacture of ammonium picrate consists in the

main of a simple neutralization of picric acid by means of ammonia
either alone or in combination with ammonium carbonate. This proc-
ess is not attended with any serious manufacturing difficulties or dan-
gers, provided one excludes the possibility of leaking ammonia pipes.

Detailed presentation of the manufacturing methods may be found
in references listed at the close of this chapter.

Use. As has been mentioned, ammonium picrate is used as the
bursting charge for armor-piercing shell on account of its insensitive-
ness to shock which permits the shell to pass through the armor
without exploding. Owing to the fact that it cannot be melted with-
out decomposing, it must be loaded into the shell by pressing. The
interior of the shell is covered with a suitable nonmetalltc paint or
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varnish. It has no commercial use as an explosive, although it enters
into the composition of numerous patented blasting explosives which
have not been used to any great extent.

Storage.
Regulations. Storage of ammonium picrate is governed by the same

regulations as are applicable for the storage of TNT both as to type
of magazine and rules for handling, and special regulations governing
this particular explosive are not necessary.

Special precautions. Ammonium picrate which has been pressed at
a shell-loading plant and removed from a shell is very much more
sensitive to shock or blow than new material, and there are cases on
record where serious accidents have happened in the loading of shell
with ammonium picrate so treated. If it becomes necessary to store
this material, special precautions should be observed to protect it
against shock or fire, and it preferably should be stored in a building
by itself.

Although less sensitive than TNT, ammonium picrate can be ex-
ploded by severe shock or friction, is highly inflammable, and when
heated to a high temperature may detonate. It is therefore necessary
that it be treated with proper care as a high explosive.

Magazines. Since it absorbs moisture, it should be stored in dry
magazines and protected from dampness. Moisture, however, has no
effect on ammonium picrate except to reduce its explosive strength
and its sensitiveness to detonation.

Containers. Ammonium picrate is always stored in wooden con-
tainers because of the possibility of its forming metallic picrates in
contact with metals, especially when moist.

PICRIC ACID.
General. Picric acid or trinitrophenol was first adopted as a mili-

tary high-explosive by the French Government in 1886 under the
name of melinite, and has since been used to a "greater or less ex-
tent by almost all countries with or without addition of various mate-
rials intended to reduce its melting point. The British explosive desig-
nated as lyddite and the Japanese explosive schimose are both cast
picric acid, and various names are given to other shell explosives
the chief component of which is picric acid.

Properties.
Color and solubility. Picric acid is a lemon-yellow, crystalline solid,

only slightly soluble in cold water but soluble in alcohol, benzene, and
other organic solvents. A very small amount is, however, sufficient to
color a large volume of water a distinct yellow color. It likewise stains
the skin of workmen, colors clothing, hair, and everything else with
which it comes in contact, and has an exceedingly persistent, dis-
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agreeable, bitter taste. Its property of coloring is utilized in the dye
industry, and in fact, picric acid was long known as a dyestuff before
its explosive nature was discovered. It has no tendency to absorb
moisture from the air.

Heat action. Picric acid melts at a temperature of about 122 C
when pure, and is usually required for explosive use to have a melt-
ing (or solidifying) point of at least 120 C.

Chemical action. Being an acid, it has the property of combining
with ammonia and alkalies and with many of the metals, forming
salts which are called picrates. Some of the picrates are much more
sensitive than picric acid itself, and it is therefore necessary that
formation of these picrates be avoided by keeping picric acid from
direct contact with those metals with which it readily reacts.

Precautions. Picric acid is not as toxic as TNT and the chief dan-
ger in connection with its use is probably the fumes given off from
the molten explosive in loading shell. While practically no trouble
from poisoning results in manufacture or handling of picric acid, care
must be taken, however, to avoid breathing the large amounts of
picric acid dust that may arise in screening or packing the dry
material.

Stability. Picric acid is entirely stable. It has no tendency to de-
compose at any temperatures which it might meet in storage. On
sudden heating at temperatures much above its melting point
(122 C) it may explode, although many cases are noted where con-
siderable quantities of picric acid have burned without explosion.
Presence of any trace of explosive that will detonate more readily
such as metallic picrates may cause sudden detonation of burning
picric acid.

Detonation. It has about the same sensitivity to shock or friction
as TNT and is somewhat more readily detonated by means of a
detonator. Picric acid is one of the most powerful of military explo-
sives. Its high strength or concussive effect is due to its high rate of
detonation which, for the cast or highly compressed explosive, is about
7,000 meters per second, slightly greater than that of TNT under
the most favorable conditions. By both the Trauzl lead block test and
the ballistic pendulum test, picric acid shows appreciably greater
strength than TNT, being exceeded only by tetryl and TNA. The
results of these methods of testing are confirmed by actual fragmen-
tation tests of high-explosive shell where it is found that a larger
number of shell fragments are produced from picric acid than from
TNT at equal loading densities.

Use. The fact already noted that picric acid combines readily
with some metals to form picrates which are unduly sensitive to fric-
tion, shock, or heat has been detrimental to the use of picric acid for
military purposes in spite of the fact that it is a stronger explosive
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than TNT. When a nonmetallic lining is used for the shell cavity as
for instance, certain lacquers, varnishes, or paints, danger of formation
of these salts is obviated to a great degree. Introduction of TNT as
a military explosive has resulted in gradual abandonment of picric
acid by practically every country except France where it was largely
used during World War I. In the United States, it is used for con-
version into "Explosive D" or ammonium picrate which is used in
base-fuzed shell for seacoast cannon. Picric acid has also found use
as a booster explosive and even as a substitute for part of the mer-
cury fulminate charge in detonators.

Picric acid has been used extensively in the form of mixtures with
other nitro compounds. Such mixtures, having a lower melting point
than picric acid, can be melted and cast at temperatures below 100 C
The mixtures are more generally practicable because of the hazard
involved in melting picric acid at the relatively high temperature re-
quired. Some of the compounds which have' been used with picric
acid are trinitrotoluene, trinitrocresol, trinitrobenzene, and the dinitro
and mononitro derivatives of phenol, cresol, and naphthalene. Little,
if any, change in brisance results from the addition of the trinitro
compounds, but the addition of the mono and dinitro compounds,
causes a reduction in brisance in proportion to the amount added.

Storage. Rules governing storage of dry picric acid are the same
as for TNT. Dimension of magazines should not exceed 42 by 26
feet. It is necessary that all dust accumulating from dry picric acid
should be carefully removed from any point in or around the build-
ings, conveyors, or cars. Although dust originating from this source
is not as dangerous as that from black powder, it is nevertheless a
matter of record that serious explosions have been caused from this
source. Safety shoes must be worn in every instance where picric acid
is being handled.

NITROSTARCH EXPLOSIVES.
General. During World War I, certain explosives having nitro-

starch as a base were used under the designations VTrojan grenade
explosive," "Trojan trench-mortar shell explosive," and "Grenite."
These explosives were frequently referred to as "nitrostarch," but
it should be noted that pure nitrostarch was not used alone as a
military explosive, the nearest approach to it for military purposes
being grenite, which was about 95 percent nitrostarch, the balance
being a binding material added for the purpose of granulating. The
two Trojan explosives which were practically identical in composition
contained approximately 25 percent nitrostarch with ammonium ni-
trate, sodium nitrate, and small amounts of materials added for the
purpose of stabilizing, reducing sensitiveness and hygroscopicity, and
neutralizing any possible acidity of other ingredients.
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These nitrostarch explosives weiPlfc,-j for the reason that at the
time the United States entered the war a decided shortage of TNT
was indicated and investigation showed nitrostarch explosives to be
entirely suitable for trench warfare purposes and to offer the advan-
tages of low cost and ample supply of raw materials, etc.

Properties.
Color and solubility. Nitrostarch is a white, finely divided

material similar in appearance to ordinary powdered starch. When
observed under the microscope, there is no appreciable difference
between nitrated and unnitrated starch until the granules are treated
with iodine, which colors the unnitrated starch blue but does not
affect the nitrated product. Nitrostarch is insoluble in water and does
not gelatinize or form a paste when heated with water, thereby differ-
ing from starch. The grade of nitrostarch ordinarily employed con-
tains from 12.50 to 12.75 percent nitrogen; that prescribed for
military purposes contains at least 12.80 percent. All nitrostarch is
readily soluble in acetone, solubility in ether-alcohol in general in-
creasing as the nitrogen content decreases. It has no great tendency
to' absorb moisture from the atmosphere beyond the amount of 1
to 2 percent

Trojan grenade or trench-mortar shell explosive differed greatly in
appearance and in certain of its properties from straight nitrostarch,
being of grayish-black color and of about the consistency of ordinary
brown sugar, having a slightly damp feel and tendency to pack under
compression due to the small amount of mineral oil contained as an
ingredient. This oil, besides decreasing the sensitiveness of the ex-
plosive to ignition and to shock or friction, helped to reduce its
attraction for moisture, the mixture of ammonium nitrate and sodium
nitrate which it contained being very hygroscopic. In spite of this
coating of oil, the Trojan explosive when spread out in a thin layer
in a damp atmosphere rapidly absorbed moisture to such extent that
it became decidedly wet. Under ordinary working conditions, there-
fore, great care was taken in loading this explosive to avoid absorp-
tion of an undesirable amount of moisture.

Grenite, which was almost entirely pure nitrostarch with addition
of a small amount of oil and a binding material, differed greatly in
appearance from Trojan explosive, being in the form of small, white,
hard granules which flowed freely without sticking Jogether. Since
it contained no ammonium nitrate or other hygroscopic materials,
Grenite had no particular tendency to absorb moisture even in damp
atmospheres.

Sensitivity. Pure dry nitrostarch is more sensitive to impact than
TNT but less sensitive than dry guncotton or nitroglycerin. As
mentioned above, it is highly inflammable and readily ignited by the
slightest spark such as may result from friction, and like black
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powder, burns with explosive violence. It is readily detonated by a
mercury fulminate detonator.

Trojan explosive and Grenite were both much less sensitive than
straight nitrostarch, being required to pass the pendulum friction test
of the United States Bureau of Mines and the rifle bullet test when
packed in pasteboard containers. In heavy metal containers, these
explosives frequently ignited and burned when penetrated by a rifle
bullet, and in rare instances exploded under this test. Trojan explo-
sive was especially insensitive to ignition, being rather difficult to
ignite with the flame of a match when spread out unconfined. When
once ignited, however, especially in any quantity, it burned freely
with a light-colored smoke.

Detonation. Nitrostarch explosives were readily detonated by mer-
cury fulminate detonators, a No. 6 detonator containing 1 gram of
fulminate composition, producing complete detonation unless the
explosive had been rendered unduly insensitive by absorption of
excessive moisture or by other cause.

Stability. Early attempts to manufacture nitrostarch resulted in
production of material which was unstable, and numerous statements
found in literature of explosives refer to nitrostarch as being un-
satisfactory for use as an explosive because of sensitivity and in-
stability. However, manufacturers in this country succeeded in
placing on the market nitrostarch explosives which proved highly
satisfactory in these respects and found considerable application as
blasting explosives. Developments led to a product which met re-
quirements prescribed for military explosives. However, the Trojan
explosive if allowed to absorb undue quantities of moisture, especially
in a warm atmosphere, tended to deteriorate, being quite similar to
nitrocellulose in this respect.

Use.
Trojan explosive. The Trojan nitrostarch explosive was used

as the bursting charge for hand grenades, rifle grenades, and trench-
mortar shell. It was well adapted to such purposes, but was not
considered for use as a bursting charge for high-explosive gun shell.
Its physical consistency was such that it was loaded into grenades
through the small filling hole by means of vibrating machines, the
explosive being "jarred" into the grenade through small funnel open-
ings. Trench-mortar shell were loaded by hand-stemming.

Grenite. Grenite was used only for grenades and was considered
too sensitive for use as a trench-mortar shell explosive. Being granular
and "free-running," it was readily loaded into the grenades through
funnel openings, no attempt being made to pack it to a high density.

Nitrostarch. Nitrostarch has been considered for the manufacture
of smokeless propellent powder and numerous attempts have been
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made to develop a satisfactory powder of this type, but the problem
cannot as yet be considered solved.

Nitrostarch explosives, similar to Trojan grenade explosive, have
been used for a considerable number of years as blasting explosives
for use in mining, quarrying, and other engineering operations, and
have met with considerable success as substitutes for the more expen-
sive nitroglycerin explosives.

There has recently been adopted, after thorough investigation, a
nitrostarch demolition explosive as a substitute for TNT. This explo-
sive is somewhat similar to that used during, the World War, but the
formula has been modified by raising the nitrostarch content and the
replacement of the ammonium nitrate with barium nitrate. It can be
consolidated into blocks in the same manner as TNT, and in compari-
son tests it has been found that the TNT formula for computing small
charges are directly applicable to the nitrostarch demolition explosive.

Storage. Storage of nitrostarch explosives, in general, is mainly a
fire risk, that is, the danger accompanying storage is more one of fire
than of explosion. However, burning may proceed at such a rate as to
be almost explosive in nature, and the fact that nitrostarch can be
exploded by impact should not be overlooked.

Magazines. Magazines should be kept at as low temperatures as
possible in order to avoid as much as possible the tendency of nitro-
starch to undergo decomposition on heating. A reasonably dry atmos-
phere in magazines is also essential for the Trojan explosive. This
explosive was not suitable for storage in bulk in wooden containers
because of its hygroscopicity. Even when loaded into grenades it
tended to absorb moisture. Long contact of the explosive with the
metal parts of the grenade, either iron, brass, or copper, resulted in
corrosion.

Handling. There is no danger of poisoning of any kind connected
with the handling of nitrostarch explosives.

TETRYL.
General. The high explosive commonly known as tetryl is trinitro-

phenylmethylnitramine. It is a derivative of benzene and is therefore
in the same class of aromatic nitro compounds as TNT. Tetryl was
first synthesized by Mertens in 1877. It did not acquire prominence
as a military explosive until World War I when it was used as a
booster explosive.-

Properties.
Chemical and physical. Tetryl is a fine crystalline powder of a

yellow color, practically insoluble in water but soluble in acetone,
benzene, and other solvents. It is readily recrystallized and can
therefore be obtained in very pure condition if desired. It melts
when pure between 129 C and 130 C Tetryl is poisonous when
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taken internally, and precaution is necessary in its manufacture, espe-
cially regarding the dust encountered in handling and packing the dry
material. It has a higher nitrogen content (24.4 percent) than any
other military explosive. Tetryl is practically nonhygroscopic, absorb-
ing less than 0.1 percent moisture when stored for several days in a
saturated atmosphere.

Stability and sensitivity. Tetryl is stable at all temperatures which
may be encountered in storage. When heated above its melting point,
it undergoes gradual decomposition and explodes when exposed to a
temperature of 260 C for 5 seconds. It is more sensitive to shock or
friction than TNT, being of about the same order of sensitivity as
picric acid. It is slightly more sensitive to detonation by means of
mercury fulminate than TNT, and is readily exploded by penetration
of a rifle bullet

Detonation.- Tetryl has been found to have a rate of detonation
somewhat higher than the maximum rate obtained with TNT (7,000
meters per second). Strength tests such as the Trauzl lead block test
show tetryl to be stronger than any other military high explosive,
the average expansion produced in the lead block for the more
common military high explosives being as follows: tetryl, 320 cubic
centimeters; picric acid, 300 cubic centimeters; TNT, 260 cubic
centimeters.

Use. Charges. The high-explosive strength and brisance of tetryl
would seem to adapt it for use as a bursting charge, but its sensitivity
to mechanical shock is such that if used as a shell filler it would not
withstand shock of discharge of the gun. It is, however, sufficiently
insensitive that when compressed into a booster it is perfectly safe.
In this condition, it is readily detonated by the detonator in the fuze
of the shell, and the violence of its detonation insures a high order of
detonation of the bursting charge.

Tetryl has been adopted as a booster explosive. Formerly it was
combined with TNT (grade I), the two explosives being usually
loaded separately into the booster casing in the form of highly com-
pressed pellets.

Detonator. It is also used in detonators for both military and com-
mercial purposes as a base charge, the tetryl being pressed into the
bottom of the detonator shell and then covered with a small priming
charge of mercury fulminate, lead azide, or other initiator.

*

Storage and Handling. The same precautions should be observed
in storage and handling of tetryl as in the case of other sensitive high
explosives. It should be kept dry because moisture interferes with its
effectiveness. It must be properly protected from bullet fire in brick
or hollow tile magazines with iron doors and window shutters.
Detonators, blasting caps, fuzes, dynamite, etc., must not be stored
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with tetryl. Rubber soled shoes should be worn in magazines and
every precaution taken to prevent ignition of explosion from friction
or blows due to rough handling.

MERCURY FULMINATE.
General. Mercury fulminate is one of the explosives used for bring-

ing about detonation of high explosives. It detonates completely and
with great violence on ignition by means of a flame such as the spit
from a fuze or by means of an electrically heated wire. This fact,
together with its property of initiating detonation of other explosives,
makes it a most suitable detonator material.

Properties.
Color and solubility. Mercury fulminate is a heavy, crystalline

solid, white when pure, but ordinarily of a faint brownish yellow
or grayish tint. It has practically no tendency to absorb moisture
from the atmosphere. It is only slightly soluble in water, 100 parts
of water at 15.5 C (60 F) dissolving less than 0.01 part of fulminate,
and may be kept in contact with water for long periods of time with-
out undergoing change.

Size ol crystals. Size of the crystals of mercury fulminate is an
important factor, since it has been determined that very finely divided
fulminate consisting mostly of fragments of crystals and usually con-
taining an excessive amount of impurities is less efficient in detonating
value and strength than larger crystals. In specifying the size of crys-
tals desired, however, con?ideration has been given to the possibilities
of controlling this feature in manufacture and also to the fact that
there is some reason to believe that very large crystals of fulminate
are more sensitive to friction or shock than smaller ones. As indicated
below, U. S. Army specifications for mercury fulminate prescribe
definite limits for the size of the crystals.

Impurities. Mercury fulminate is required by U. S. Army specifica-
tions to be at least 98 percent pure and the amounts of impurities

• which it may contain are strictly limited. The most objectionable
impurities are:

Free metallic mercury, for the reason that it readily attacks copper
or brass with which it may be in contact when loaded into fuzes,
detonators, or primers, causing the metal to become brittle.

Acidity, which would cause deterioration of the explosive composi-
tion and corrosion of metal parts.

Insoluble material such as sand and grit, which might cause explo-
sion of the dry fulminate in loading operations.

If improperly manufactured or incompletely washed, the fulminate
. may also contain various compounds of mercury which might produce
decomposition and would certainly diminish explosive efficiency.
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Stability. Mercury fulminate has been kept for long periods both
dry and wat, and is believed to undergo practically no change when
properly manufactured and stored. However, when stored either wet
or dry at tropical temperature gradual deterioration takes place. It
has been found that when stored at 35 C (95 F), mercury fulminate
deteriorated to the point of malfunctioning in about 3 years and at
50 C (122 F) it deteriorated to practically the same degree in 10
months. It is never stored in quantity in dry condition except when
loaded into detonators, fuzes, or primers for the reason that when
dry it is readily detonated by friction or shock. Whereas, the great
majority of high explosives will burn without detonating when ignited
by a flame especially if a relatively small amount of the explosive
is ignited, mercury fulminate is one of the so-called "primary" or
"initiating" explosives which detonate completely on being heated to
their ignition point by means of a flame or hot wire.

The presence of even small amounts of moisture in mercury ful-
minate greatly reduces its efficiency, and as little as 1 percent is said
to cause failure to detonate. However, fulminate completely saturated
with water may be detonated by detonation of dry fulminate in con-
tact with it.

Sensitivity. By usual methods of determining ignition temperature,
mercury fulminate detonates at a temperature of about 180 C (about
356 F), but under varying conditions detonation may result at much
lower temperatures. Sensivitity to shock is much greater at elevated
temperatures than under storage conditions.

When loaded into commercial detonators, mercury fulminate is
usually compressed at pressures of about 3,000 pounds per square
inch. In this condition, its explosive properties are not appreciably
different from those of loosely compressed material. At greater densi-
ties obtained by higher pressures, there is a gradual reduction in
sensitivity, until at such extreme pressures as 25,000 to 30,000 pounds
per square inch fulminate entirely loses its property of detonating
when ignited and will only bum. In this condition, it Fs referred to as
"dead pressed." If, however, such highly pressed fulminate is initiated
by loose fulminate or other initial detonating agent, it will detonate
at even higher rates than are obtainable at low densities.

Although fulminate can be pressed under very high pressures with-
out explosion, the presence of any particles of sand or grit is very
dangerous in any pressing operation. Presses for loading are always
carefully protected by heavy barricades, and no one is permitted
to be near the press during operation.

The readiness with which dry mercury fulminate detonates from
the effect of blows or friction is the chief reason for the fact that its
transportation and storage in the dry state is not permitted. Tests
with a special type of impact machine showed that mercury fulminate
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detonated from the blow of the falling weight dropped from a height
of only 2 centimeters (about 0.8 inch), while TNT in the same
apparatus required a drop of about 120 centimers (48 inches).

Detonation. For a number of years, mercury fulminate was consid-
ered to have special properties which made it an especially favorable
initiating agent and numerous theories were advanced to account for
its so-called "unique" properties. As a matter of fact, mercury ful-
minate has been used only because of its extreme sensitivity to flame
or impact. In all other respects, mercury fulminate is inferior to other
high-explosives such as TNT, tetryl, and picric acid as a detonating
agent. For example, mercury fulminate has a rate of detonation of
about 4,000 meters per second as compared with 6,800 meters per
second for TNT under the same conditions. In the Trauzl lead block
test, mercury fulminate produces an expansion of 213 cubic centi-
meters and TNT 260 cubic centimeters. The trend in military and
commercial detonators for the past several years has been gradual
replacement of the major portion of the fulminate charge with some
high explosive to increase efficiency of the detonator, the fulminate
being used only as a cover charge to initiate detonation of the high
explosive forming the base charge in the detonator.

Use. Mercury fulminate is used only for the purpose of bringing
about the detonation of other high explosives or the ignition of
propellent explosives. In detonators for commercial or military use
it may be used alone or mixed with from 10 to 20 percent of potas-
sium chlorate. The usual grades of detonators contain from IS to 30
grains of fulminate or its equivalent.

The ignition of propellent explosives, for example, smokeless or
black powder in small arms cartridges, is effected by "the flame from
a primer or cap, the charge of which is usually a composition contain-
ing mercury fulminate mixed with other flame-producing materials
such as potassium chlorate and antimony sulfide. The primer is
initiated by impact of the firing pin.

Storage. Mercury fulminate is always stored thoroughly saturated
with water.

When left in the barrels during storage, regular inspection must be
made to insure that the barrels are kept always full of water and
are not leaking.

Fulminate must not be stored with any other explosives for the
reason that explosion of even a relatively small amount of dry
fulminate may cause detonation of the wet material, effect of which
might be to detonate any other high explosives stored in the same
building.

In case of breakage, or other cause by which wet fulminate may
be spilled on the floor, it must not be allowed to dry out before
cleaning up. Dry fulminate is very sensitive to friction and must be
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handled with extreme care. Spilled fulminate may be destroyed by
washing floors, benches, etc, with a saturated solution of sodium
thiosulfate (photographer's "hypo").

AMATOL.
General. Amatol is a mixture of ammonium nitrate and TNT. Due

to the shortage of toluene during the early stages of World War I,
the British Government developed this explosive and adopted it after
exhaustive tests as a bursting charge for high-explosive shell. The
United States Government shortly after its entrance into World
War I and for similar reasons authorized its use as follows: 50/50 for
shell from 75-mm up to and including 4.7 inches; 80/20 for shell
from 4.7 inches up to and including 9.2 inches. The ingredients are
mixed by weight. The first figure refers to ammonium nitrate, the
second to TNT.

Properties. Amatol is hygroscopic, insensitive to friction, but can
be detonated by severe impact. It has no tendency to form dangerous
compounds with metals other than copper. It is more insensitive to
explosion by initiators than TNT. 50/50 amatol has approximately
the same rate of detonation and strength as TNT, but 80/20 amatol
is slightly lower in rate of detonation and brisance. On detonation
the ammonium nitrate oxidizes the excess carbon of the TNT with
the result that 80/20 amatol produces a white smoke on detonation
and 50/50 amatol produces a black smoke which is not as dark
as that produced by straight TNT.

Manufacture. 50/50 amatol.
Ammonium nitrate as received may contain some moisture and

must be dried to a moisture content of not more than 0.25 percent.
Caking may have occurred in barrels or drums in which it was
shipped. To break up the lumps, it is often necessary to first run the
material through a crusher, after which it is dried to the proper mois-
ture content. After drying, the material is screened to remove any
foreign material with which it may have become contaminated. It is
now ready for addition to molten TNT. The speed of adding ammo-
nium nitrate to TNT can be increased greatly if the ammonium
nitrate can be added while it is still hot. It must be added at a rate so
that no solidification of the molten TNT takes place in the melting
kettle. Proportions for use in mixing 50/50 amatol range from 45
percent to 55 percent ammonium nitrate. This variation is permitted
to take care of the various granulations, fine material requiring more
TNT than coarse material. Temperature of the mixture when it is
ready for pouring into the shell is 80 C to 85 C.

80/20 amatol. 80/20 amatol is a plastic mass resembling wet brown
sugar and cannot be loaded by the casting method. The principal
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difficulty experienced with 80/20 amatol is to obtain ammonium
nitrate which has proper granulation. With very fine material, plas-
ticity of the mass -is such that when loaded the density falls below
the point desired, namely, not less than 1.38. With coarse material
molten TNT is not completely absorbed, and a relatively large
amount leaks, out in the extruding operation which results in a charge
of low density. It is, therefore, essential that granulation be such as
to give a mixture which will not permit leaking of TNT and which
will be sufficiently plastic to consolidate well from the extruder. It
has been found that a mixture of coarse and fine material is the most
suitable for this operation. Granulation requirements are through a
No. 10 U. S. standard sieve not less than 99.0 percent; through a
No. 10 on No. 35, 32 to 48 percent; through a No. 100, 15 to 30
percent

Preparation of 80/20 amatol is conducted in a mixing kettle having
a capacity of about 500 pounds of amatol. The correct amount of
ammonium nitrate is added to the kettle and heated to the point
where solidification of TNT will not occur. When the ammonium
nitrate has been raised to at least 90 C, molten TNT is added, and
the charge thoroughly mixed for 15 minutes. At the end of this time,
it is transferred to the extruding machine from which it is forced
into the shell by means of a screw working inside of a steel tube.
This machine is counterweighted so that the material is forced into
the shell under a definite pressure.

LEAD AZIDE.
General. Lead azide was first prepared and identified by Curtius

in 1891, and in 1893 Will and Lenze began an investigation of lead
azide as a military explosive. About 1910, commercial manufacture
of lead azide was started abroad and has continued up to the present
time. Since 1931 it has been produced commercially in this country.
This commercial lead azide is free from needle crystals having a
maximum dimension greater than 0.1 mm.

Properties. Lead azide (PbN,,) is an initiating compound used
for bringing about detonation of high explosives. It is sensitive to
flame but is too insensitive to be used alone where initiation is by
impact of a firing pin. Lead azide is practically insoluble in water
arid its hygroscopicity at 30 C and 90 percent relative humidity is
only 0.03 percent. It is not easily decomposed by heat as shown by
surveillance tests where it has been stored for 15 months at 80 C
without any noted impairment in sensitivity or brisance.

Storage. Lead azide is always stored thoroughly saturated with
water. It is stored and handled in the same manner as mercury ful-
minate. Spilled lead azide may be destroyed by washing floors,
benches, etc., with a solution of ammonium acetate,
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PENTAERYTHRITE TETRAJVITRATE (PETN).
General. Pentaerythrite tetfanitrate, commonly known as PETN,

is derived from the nitration of pentaerythritol. PETN is considered
by the Interstate Commerce Commission as an initiating agent It
must be packed wet with not less than 40 percent by weight of water
in metal barrels, or wooden kegs, in which the material is packed in
cloth or rubber bags.

Sensitivity. PETN is more sensitive than tetryl, but not as sensi-
tive as mercury fulminate.

Uses. PETN is used in detonating cord, commercially known as
Primacord. Primacord is a flexible, waterproof fabric tube <%4 inch
(0.203 inch) in diameter with an explosive core of PETN; which
has the velocity of detonation of about 20,300 feet per second. In
this form, PETN is quite insensitive to shock, flame, or friction, and
requires a cap to detonate it It is now issued in 100-foot spools, is
greenish yellow in color, and has a relatively rough waxy surface.
These characteristics are not definitely dependable, however, for
positive identification of present or future issues.

The extreme violence of a primacord explosion is sufficient to
detonate high explosives in intimate contact with it Hence, it is
valuable for safe priming of charges in drill holes and for the simul-
taneous firing of a number of charges at some distance apart

PETN has a second use in that it is used in conjunction with TNT
to form pentolite, a bursting charge for certain types of ammunition.

TRIMONITE. »
Trimonite, like amatol is specified as a substitute explosive for

shell and bomb loading.
It is composed of 88 percent picric acid and 12 percent alpha-

mononitronaphthalene. The reason for using 12 percent alphamononi-
tronaphthalene is to obtain a mixture which can be melted in melting
kettles using not more than 10-pound steam pressure. Picric acid
melts at 120 C which prohibits its use as a casting explosive if low-
pressure steam equipment is the only type available. However, by
mixing 12 percent alphamononitronaphthalene with picric acid, the
material becomes fluid at about 100 C and can be cast without
any trouble.

Trimonite resembles 50/50 amatol in all its characteristics, with
the single exception that it is likely to form sensitive compounds with
metals. Provision must be made, therefore, that it will not come in
contact with metal, such as zinc or lead. It has one advantage over
TNT in that there is no danger of exudation.

In all tests conducted to date, no results have been obtained which
would prohibit its use, and in case of an emergency it could be loaded
with equipment available for the loading of TNT or 50/50 amatol.
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TRIDITE.
Tridite consists of approximately 90 percent picric acid and 10

percent dinitrophenol. It was formerly specified as a substitute
explosive for shell and bomb loading, but has been replaced as a
substitute by trimonite. It has similar advantages to those of trimo-
nite, and adaptability of these two explosives is almost identical,
however, is more dangerous to load because of the toxicity of its
fumes which accompany its melting.

TETRYTOL.
Tetrytol is a mixture of tetryl and molten TNT. As some of the

tetryl goes into the solution, the mixture can be successfully cast
with as high as 70 percent tetryl and 30 percent TNT by weight.
The principal use and advantage of tetrytol is in loading boosters
and bursters by the cast method. These items were previously loaded
with dry tetryl which was pressed into pellets and then reconsolidated
by pressing into the burster or booster casing. The mixture is agitated
until ready for casting to prevent separation or precipitation. The
use of tetrytol loaded into boosters and bursters has been approved
except where the loaded item is plunged into or surrounded by a hot
bursting charge, such as in the case of auxiliary boosters in general
purpose bombs, where a remelt of the tetrytol might occur. The
advantages of casting over the pellet reconsolidation, especially in
long burster tubes, is tremendous from a standpoint of simplicity of
operations, safety, and cost of equipment.

«

PENTOLITE.
Pentolite is a mixture of PETN and TNT. The 50/50 mixture

results in a considerable increase 'in the brisance of TNT as measured
by the rate of detonation. It is more sensitive to shock and friction
than TNT, and where booster cavities have to be drilled, a mixture of
10 percent PETN and 90 percent TNT is used for the booster
surround.

50/50 pentolite in the dry state is packed in the same manner as
TNT. It is loaded by the casting method, 5 pounds of steam pressure
on a steam jacketed open kettle being sufficient to melt the dry
material. As the dry material melts, it must be constantly agitated
to keep the PETN in suspension, as only a small portion of it goes
into solution with the TNT. This agitation, usually by air-driven
propellers or hand paddles, must be continued until the material is
cast into the ammunition being loaded.

The stability of pentolite is not as favorable as that of straight
TNT. Long periods of storage under high temperature may result in
a separation of the material and the loss of its greatest effectiveness
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as an explosive of high brisance. Every effort must be made to store
it in a cool, dry place.

GENERAL SAFETY PRECAUTIONS PERTINENT TO HIGH
EXPLOSIVES. .

Safety shoes will be worn in repacking rooms or buildings, and
whenever loose high explosives are handled. The wearing of safety
shoes by personnel handling high explosives in boxes or other con-
tainers is at the discretion of the commanding officer, who should
be guided in his decision by existing conditions. Boxes containing
high explosives will be opened and repaired with safety tools. Con-
tainers will not be opened in a magazine in which explosives or
ammunition are stored.

TAIU OF USK AND LOADING MITHOPS OP HIQH IXPLOSIVCS
Eipl.il.,

TNT
Amatol 50/50
Amatol 80/20
Picric Acid

Explosive D

Trimonite
Tridite
Nitrostarch
Tetryl
Lead Azide
Mercury Fulminate
Tetrytol
Pentolite
PETN

Mil* Ui*
Bursting charge
Bursting charge
Bursting charge
Basis for making

other explosives
Bursting charge for

A.P. shells
Bursting charge
Bursting charge
Demolition work
Booster
Detonator or initiator
Detonator or initiator
Burster charge
Bursting charge
Detonating cord .

(Primacord)

. If Any
Casting or pouring
Casting or pouring
Extrusion

Tamped in increments

Cast
Cast
Pressed
Pressed in pellets
Pressed
Pressed
Cast
Cast
Pressed

FURTHER -REFERENCES: TM 9-2900; FM 5-25; Ordnance
Safety Manual; Picatinny Test, Vol. II.

Chapter 4
Explosive Trains

GENERAL.
During the study of ammunition, there is usually much discussion,

and confusion, over the subject of explosive trains. In reality, those
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PRIMER

MINER'S
SAFETY FUSE

E.G. BLANK
POWDER

RA n> 1517$ BLACK POWDER
'IGNITING CHARGE

Figure SI — Explosive Train Fragmentation Hand Grenade

explosive trains contained in ammunition are very simple; most of
the confusion is a result of the numerous components which may be
interposed in the basic train to gain the functioning desired from a
particular train. An explosive train is nothing more than a series of
explosions, the arrangement being such that control is gained over the
explosions and the desired effect is accomplished.

Classes. There are numerous explosive trains found in ammuni-
tion, some of which are closely related and others which differ in many
ways. Any of the explosive trains may, however, be roughly divided
into one of the two general classes below:

I. PROPELLENT CHARGE EXPLOSIVE TRAINS.
A. Low-explosive Trains.

II. BURSTING CHARGE EXPLOSIVE TRAINS.
A. Low-explosive Trains.
B. High-explosive Trains.
In all explosive ammunition, one or both of the above trains will

be found.

PROPELLENT CHARGE EXPLOSIVE TRAINS.
Small Arms. Propelling charge explosions are utilized to force

the projectile from the weapon toward its target. A simple example
118
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PRIMER

AUXILIARY
CHARGE

PROPELLING
CHARGE

KA fO 1JI77
Figure 53 — Components Used In Me Propelling Charge

Explosive Train — Artillery Xmrnunfrfon
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PRIMER r XILIARY CHARGE
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/ KA ra ism
PROPELLING CHARGE

Figure 54 — Primer Snowing Auxiliary Charge Contained
In Primer fodjr

of this train is found in a round of small-arms ammunition (fig. 52).
The components used in this train are a percussion primer and a pro-
pelling charge. The primer converts the mechanical energy received
from the firing pin of the weapon into a flame. The flame passes

ft

AUXILIARY
CHARGE

PRIMER

PROPELLING CHARGE

RA PO ISITt

Figure 55 — Primer Showing Auxiliary Charge Divided Between
Primer end Igniting Charge
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through the vent leading to the powder chamber and ignites the pro-
pelling charge. The gases from the propelling charge explosion push
the bullet out through the bore of the weapon. The train of explosions
present in this series are the explosion of the primer and the explosion
of the propelling charge.

Artillery. The propellent charge explosion of a round of artillery
ammunition will show a slightly different train from the one in small-
arms ammunition. In this train we have a primer .and a propelling
charge as illustrated (fig. 52), but in addition to these components, it
is necessary to place an auxiliary charge of black powder between the
primer and the propelling charge (fig. 53). The addition of the
auxiliary charge is necessary because the small flame produced by the
primer is not of sufficient intensity to properly initiate the large
amount of propelling charge powder which is normally contained
in a round of artillery ammunition.

The auxiliary charge may be contained in the body of the cannon
primer, making an assembly of the primer and auxiliary charge
(fig. 54), or it may be divided between the primer body and the
igniter pad (fig. 55). In either case, its function is the same, the
arrangement being such as to give the best ignition to the propelling
charge. The series of explosions in this train are the explosion of the
primer, auxiliary charge, and propellent charge.

BURSTING CHARGE EXPLOSIVE TRAINS. <
General. Bursting charge explosive trains may be classified as

high-explosive trains or as low-explosive trains. Shrapnel projectiles
and fragmentation hand grenades are examples of those containing
low-explosive trains. Rifle grenades, bombs, and artillery shell are
examples of those containing high-explosive trains.

Low Explosive. In the case of shrapnel the components contained
in the explosive train are a percussion primer, a powder time train of
black powder, a magazine charge of black powder, and a base charge
of black powder (fig. 56). The action is initiated by the firing pin
within the fuze striking the primer, the flame thus set up is trans-
mitted through the components named to the base charge. The explo-
sion of the base charge forces the lead balls out of the body of the
projectile.

The low-explosive train contained, in the fragmentation hand
grenade may be easily traced by reference to figure 51. The action of
this train is started by a spring-driven firing pin striking the primer
in the fuze. The flame from the primer is transmitted through a length
of safety fuses to the black powder igniting charge at the end of the
fuses. The explosion of the igniting charge initiates the action of the
bursting charge of E. C. Blank Powder.
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DETONATOR

BOOSTER

BURSTING
CHARGE

HA fO (5111

Figure 57 — Basic Chain of Components — Hfgn-expfosfve Train
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High Explosive. High-explosive trains are very simple basically,
but as the need for various actions arise the train becomes compli-
cated. If we remember the basic chain of components which must
be present in all high explosive trains, the picture will be clearer
(fig. 57). The basic chain of components which must be present in
all high-explosive trains used in ammunition are:

1. A detonator.
2. A booster.
3. A bursting charge.
The detonator sets up a high-explosive wave when initiated by the

stab action of a firing, pin or a flame. This detonation is so small and
weak that it will not initiate a high order detonation in the bursting
charge, unless a booster is placed between the two. The booster picky
up the small explosive wave from the detonator and amplifies it to
such an extent that the bursting charge is properly initiated (fig. 58).

To gain the action necessary to control the time and place at
which an explosive projectile will function, it is necessary to incorpo-
rate other components in the high-explosive train. The action desired
may be a burst in the air, a burst instantly upon impact with the
target, or a burst shortly after the projectile has penetrated the target.
The components which may be used to give these various actions are
a primer, a black powder delay pellet or train, an upper detonator,
or any combination of these components arranged in such an order
that the desired effect is gained. Regardless of the arrangement of the
components the basic chain will remain the same, other components
being placed in front of the basic chain.

THI HIOH-IXPLOSIVI TRAIN, COMPARISON OF THE iASIC STIPS
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The action for causing a projectile to burst in the air may be ob-
tained by placing a primer, which is fired when the projectile leaves
the weapon, and a black powder time train in front of the basic
chain (fig. 59). •

The primer is fired upon discharge from the weapon, thus igniting
the time train rings. The time train rings burn for the length of time
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for which they were set previous to firing and then initiate the action
of the detonator, booster, and bursting charge.

For bursting the projectile promptly upon impact with the target,
a superquick or instantaneous action is necessary. This action is usu-
ally obtained by placing an upper detonator in the extreme front of
the fuze and a lower detonator in the body near the booster charge
(fig. 60). Upon impact with the target, the upper detonator is fired
by the stab action of the firing pin which is set directly above it. The
explosive wave thus started passes through the flash tube of the fuze
to the lower detonator, to the booster, and in turn to the bursting
charge. By placing an upper detonator in the extreme front of the
fuze, the wave is started instantly upon impact and the mechanical
problem of fuze design is greatly reduced.

To allow penetration of the target by the projectile, a delay action
is necessary. This is obtained by placing a primer and a delay ele-
ment ahead of" the detonator (fig. 61). In some instances, this com-
bination of primer and delay are inserted between an upper and a
lower detonator. In such cases, the action starts off as a detonation,
is converted into a flame by the primer, and into a detonation again
by the lower detonator. In most cases, however, the action is started
by the action of a firing pin on the primer without the use of an
upper detonator.

It may be noticed that no mention has been made of mechanical
actions utilized to effect bursting in the air. Action produced by
mechanical means is not a part of the explosive train, hence only
time action derived from explosive action is given.

Chemical Shell. A variation of the high-explosive train is found
in chemical shell. In this train, there is no large bursting charge such
as is found in high-explosive shell as it is only necessary to rupture
the shell case and allow the chemical contents to escape. The actual
bursting or rupturing of the shell is accomplished by the booster or
an auxiliary booster charge. The boosters contained in chemical shells
are usually larger than those contained in high-explosive shell of
corresponding size. In chemical shell of more recent design, the shell
body is ruptured by an added component called the burster. The com-
ponents contained in the explosive train of the older type chemical
shell are the detonator, usually upper and lower as superquick action
is needed, and a booster.

The components used in the newer type chemical shell are the
detonator, usually upper and lower, a booster, and a burster. The
burster is a charge of tetryl which is contained in a thin aluminum
case. This charge extends through the chemical filler to the base of'
the shell body. Upon functioning, a better rupturing effect is obtained
than with the older type in which all of the explosive charge was
concentrated in the nose of the shell.
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DUDS AND LOW ORDER DETONATIONS.
General. In considering the high-explosive bursting charge trains,

it is taken for granted that the explosives would function properly.
Occasionally, however, a dud or low order detonation may occur.

Duds. A dud is said to occur when a shell fails to explode. This
condition is the result of a component which fails to function, or fails
to completely function. f

A dud can result from many causes which are often inherent in the
high-explosive bursting train. Some of these can be listed as follows:

1. Improper initiation.
2. Deterioration of one component. . ; .
3. Poor contact between the steps of the train.
4. Omission of a component.
5. Foreign materials obstructing the function of a mechanical com-

ponent which takes part in the action of the explosive train.
Low Order Detonation. A low order detonation is said to occur

when the shell explodes incompletely. The detonation is in the nature
of a burning instead of a shattering wave. It is well to note, in contra-
distinction to a dud, a low order detonation is the result of a com-
ponent functioning completely but improperly. The detonating wave
is slowed down.

A low order detonation in the high-explosive bursting train will
result from the following causes:

1. Improper initiation.
2. Deterioration of one component.
3. Poor contact between the steps of the explosive train.
4. Low density of the shell filler. '
5. Exudation.
A low order detonation can be detected in the following manner:
1. By the low report produced after the shell has exploded.
2. By the color of. the smoke produced; for example:

liplotlvo
TNT
50/50 Amatol
Explosive D
80/20 Amatol

Color of Smell* Iw
High Ordor Detonation

Black
Black
Black
White

Color of Smobo for
Low Orrfor Dotenotlon

White
White
Yellow
White

3. Examination of shell body; unexploded fragments of explosive.
The shell body may be split instead of properly shattered into effi-
cient fragments. • •

CONCLUSION.
In conclusion, it may be well to reiterate that each and every ele-

ment must function properly or the entire round of ammunition is
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lost. If a 5 cent primer fails to function, not only may a shell costing
hundreds of dollars be wasted, but a life may be lost, or perhaps
even the results of battle may be determined.

Chapter 5
Exudation

GENERAL. .
Shortly after World War I, when large amounts of TNT and

amatol loaded shell were stored, it was noticed that the TNT and
50/50 amatol loaded shell seemed to be undergoing some sort of
deterioration evidenced by the emission of an oily, tarry material and,
in some cases, a gas. Because of the large .jiumber of shells showing
this deterioration, it was considered a-serious problem and imme-
diately an investigation was begun. As a result of that investigation, it
was possible to arrive at conclusions as to the various causes for exuda-
tion, the remedies, and also the effect of exudation upon serviceability
of the shell.

CAUSES.
The principal causes of exudation were found to be of two types,

physical and chemical. These causes are:
1. The presence of impurities in the TNT as a result of manufac-

ture.
2. The use of alcohol shellac in the booster cavity, and alcohol for

cleaning threads in the nose of shell. Also, the occasional use of
alcohol for recrystallizing TNT in the "purification" process.

3. The introduction of impurities by the ammomium nitrate used
for amatols whose compositions are:

(50/50)—NH4NO3, 50 percent; TNT 50 percent by weight
(80/20)—NH4NO3, 80 percent; TNT 20 percent by weight

Impurities in TNT as a Result of Manufacture. The first cause, of
manufacturing impurities, is a physical cause. The manufacture of
TNT involves the reaction of toluene with nitric and sulfuric acids,
to form trinitrotoluene. This reaction is controlled by the close control
of temperatures and concentration of the acids.

However, even with the best possible control of conditions, it is
still impossible to completely control side reactions, which are dem-
onstrated below.

If A and B are the raw materials and C is the product desired,
A + B = C should be the reaction.

However, in organic reactions, C is very often only one of several
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possible products, so that while C may be the product preponderantly
formed, another or several other products may be formed in small
amounts, as indicated by

A + B = C (99 percent)
D, E, (1 percent)

Furthermore, it can be seen that if the materials A and B do not
react completely, the final product will also have them in it, as an
impurity, so that where we originally started to prepare pure C, we
have ended up with a mixture of A, B, C, D, E, etc. down the alphabet.

Although these impurities are present in only small quantities, they
still exert an appreciable influence on the properties of the final
product

In the case of TNT, the manufacturing impurities usually consist
of incompletely reacted material such as dinitrotoluene, and the
isomers of TNT, that is, those materials which have the same compo-
sitions, but in which the molecules are arranged in a different fashion.

Close control of conditions cuts those down to a minimum. How-
ever, during World War I, the grades of TNT used were of a low
degree of purity as determined by melting point (or setting point)
indicating sizable amounts of impurities.

To indicate the effect of these impurities, one can recall sprinkling
salt on ice to lower the melting point, thus causing it to liquefy where
ordinary water would be frozen. The DNT and isomers have the
same affect on the TNT, that is, they lower the melting point
Chemically pure TNT melts at 80.75 C. Impure TNT may melt at
as low a temperature as 76 C. In the center portion of the cast is the
part that solidifies last, because the metal walls of the shell cool the
outside rapidly.

For the reason indicated above, any impurities would tend to con-
centrate in the center core because they solidify at a lower tempera-
ture. In these areas, the impurities and TNT form low melting point
mixtures, and if the shell should be exposed to elevated temperatures,
even such as are reached in the southern parts of the United States,
these low-melting point areas will liquefy and, due to expansion, will
force their way out through the booster cavity. Note that this is a
purely physical process; no gas is liberated and no reaction occurs. The
remedy obviously is to Use only high purity TNT. It has been found
that TNT with setting point of 80.2 C or higher gave no exudation
trouble.

Introduction of Alcohol Into the TNT. It will be noted that the
cause of exudation discussed above creates no gas. Since gas is present
in some cases, further investigation was made to determine its source.
The gas liberated was found to be ethyl nitrite, which caused the
investigators to suspect ethyl alcohol which was used for cleaning,
and sometimes for "purification" of the TNT. By actual laboratory

133



TM 9-1904

AMMUNITION INSPECTION GUIDE

experiments, they were able to prove that TNT and alcohol react,
and they prepared in this manner the same material that exuded
from the shell. It will be noted that this is a chemical reaction.

To overcome this, the use of alcohol shellac for strengthening the
booster cavity and alcohol for washing the threads on the nose, was
discontinued, and acetone was substituted. Furthermore, the Army
Specifications were revised to prohibit use of alcohol in recrystalliza-
tion of TNT.

' Introduction of Impurities by Ammonium Nitrate in Amatol.
The third cause of exudation has been found in the case of the ama-
tols. Ammonium nitrate as commonly prepared, is made from the
ammonia that is liberated in the destructive distillation of coal. It
is a byproduct, and contains as impurities many of the organic break-
down products such as pyridine. These had been found to act in a
fashion similar to alcohol. The remedy is purification of the am-
monium nitrate or the use of ammonium nitrate which is prepared
in a different way, from pure products. The latter is a good deal more
expensive, and purification of the byproduct NH4NO:I is usually
practiced. .

It was noted by the investigators, that 50/50 amatol exuded while
80/20 amatol showed only rare cases of exudation. This was because
of the small amount of TNT and because the ammonium nitrate
itself absorbed most of the exudate.

. One final problem arose which was baffling for some time. Some
samples of exudate showed red particles of an explosive compound
which was found to contain iron. It was shown that when alcohol
and TNT reacted in the presence of iron, this red material was
formed. The iron came from corrosion of the shell case by the exu-
date in the case of TNT shell, or by moisture in the ammonium
nitrate.

Several methods have been introduced to avoid this. One method
is coating the shell inside with an acidproof paint. The other is
controlling the moisture of the NH4NO3. Another is a TNT pour
on top of the amatol, called a booster-surround. The purpose of thi"
is to seal the hygroscopic ammonium nitrate from moisture.

EFFECTS OF EXUDATION.
Fire Hazard. Since the exudate from TNT shell carries TNT, and

in some cases the explosive red iron compound with it, it is inad-
visable to have it on the floor of. a magazine. It is washed away
with hot water as soon as it is found. Regulations require a monthly
inspection of magazines containing shell and bombs, and one of the
purposes of this inspection is to find exudation and have it cleaned
up. Bulk TNT will not exude.
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Corrosion of Shell. Since exudate is often acid in reaction, it
corrodes the unprotected shell .case and booster. When exudation
is found, the booster is removed and the cavity is cleaned. It may
be necessary to have this done regularly. Fortunately, however, this
condition is unlikely to be found in modern ammunition so that it '
is only in war reserve ammunition that it may prevail.

Cavitatlon. Cavities in the filler are often another result of exuda-
tion. They may cause trouble in two ways. First, by desensitizing
the booster or the surrounding charge; and, second, by lowering the
density of loading, thereby decreasing the efficiency of the shell,
somewhat. The exudate contains some TNT, but is very much less
sensitive to detonation, so that the booster has a smaller chance
of causing a high order detonation when initiated by a Mark III
fuze, for example. However, it has been found that the M46 fuze
which has what is called a "Horse Detonator" compensates both for
desensitization of the booster and of the bursting charge, and gives
consistently high order detonations with the worst exuding shell
that can be found.

It was assumed at one time that cavitation was dangerous, since
during setback a premature might occur because of the crushing of
one piece of TNT against another, or against the shell wall, or
pinching of TNT exudate in booster threads. This was tested in
75-mm and 155-mm shell in a very bad state of deterioration from
exudation. They were fired at 12 percent excess pressure to make
the worst possible combination of conditions. No prematures resulted
either in the gun or along the trajectory. It was, therefore, concluded
that for these two types of shell it was safe to use the exuding shell.
The restriction on their use was therefore removed and they are
cleaned with acetone and painted, when necessary, for morale. The
issue of exuding shell is given priority for training purposes with
a view to expending them.

Chapter 6
High-explosive Leading

GENERAL.
In the consideration of high-explosive loading, it is well to note

that once a suitable bursting charge has been developed, the next
important step is to load it into the projectile or bomb cavity at the
proper density. Uniform density of loading is desired for the fol-
lowing reasons:

Low or nonuniform density of the charge in a shell will cause it
to "set back" on being fired, and "set forward" on impact This might
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possibly leave a void around the fuze or booster at the instant of
functioning and result in a "dud" or "low order" detonation.

Voids or areas of low density within the explosive charge may
cause a "dying out" of the detonating wave, resulting in the explosion
of only a portion of the charge. This is also generally referred to as
a "low order" detonation.

Internal stresses combined with frictional heat from "set back" on
firing a high-explosive shell of low or nonuniform density is the
cause of premature explosions of shells while still in the gun barrel
(with resultant loss of life and materiel). "

It may be said that practically all loading operations are made
with a definite aim in view; to completely fill the shell and bomb
cavities with high explosive to a predetermined satisfactory density
in a safe and uniform manner.

TRINITROTOLUENE (TNT).
Melting. TNT is supplied to loading plants packed in paper-

lined wooden boxes in the form of finely divided flakes or crystals.
It varies in color from light yellow to buff. Grade I TNT has a
minimum setting point of 80.2 C and Grade'11 has a minimum
setting point of 76.0 C. NOTE: At the present time, Grade I TNT
is being used exclusively in loading operations. It has been definitely
determined that the exudation of oily liquids from shells and bombs
loaded in the past was due principally to the residual impurities in
Grade II TNT. The fact that TNT melts at a temperature less than
the boiling point of water gives it a great advantage over most other
high explosives since it facilitates its manipulation for shell filling
permitting it to be melted in steam jacketed kettles or on low-pressure
steam coils. The melt unit employs steam pressure not to exceed
5 pounds. To insure this, an 11 foot water column or "leg" (open at
the top) is connected to the incoming steam line feeding the melt'
unit. Should the pressure at any time exceed 5 pounds, this water
column will be blown out, releasing the incoming steam to the at-
mosphere. Prior to melting, flake or crystalline TNT is run through
a Va-inch mesh sieve to remove all splinters, nails, lumps and extrane-
ous material. The screen for flake TNT has oblong openings ap-
proximately Vt inch by Vi inch.

Another great advantage of TNT, is that it does not corrode the
metal parts of ammunition or form sensitive compounds with metals
over long periods of storage. Each shell or bomb, however, is carefully
inspected for condition before loading. Interiors must be clean and
free of rust, scale, chips, grease, etc. A coating of black acidproof paint
is customary for all interiors, and this must be thoroughly dry before
loading. NOTE: In some instances where shell are loaded with TNT
immediately after shot blasting the interiors, this paint is omitted.

136

Prrcooling. TNT is loaded by means of the casting method; that
is, it is poured directly into the shell or bomb cavity and allowed to
solidify. The principal difficulty encountered in loading this material
is to obtain a solid cast of uniform density. TNT when passing- from
the molten to the solid state contracts approximately 8 percent in
volume, and it is necessary to take care of this contraction in some
manner in order to overcome the cavities which will be produced by
normal shrinkage of the charge. The first step to overcome this cavi-
tation is to cool the molten TNT to between 79 C and 80.5 C, or to
the point where fine crystals appear in the molten mass. This cooling
process is done in large metal tubs provided for the purpose. As an
additional precaution to remove foreign materials, the 'molten TNT
is drawn off from the melt unit into the cooling tubs through a suit-
able 18-mesh brass or aluminum screen. Cooling is accelerated by
mechanical agitation; by hand, with a wooden or aluminum paddle;
or both. The molten TNT is stirred continuously during the cooling
period. Mechanical agitation is recommended for preliminary cooling
point as tubs can be set under hoods and fumes exhausted. (TNT
fumes become very toxic over long periods of exposure.) As the
molten mass approaches the proper temperature, it should be care-
fully observed in a good light to note the formation of the fine
crystals which reflect the light much like tiny flakes of gold leaf.
The trained eye of an experienced operator will be found entirely
adequate to determine when the molten mass is ready for casting.
In this manner, the amount of contraction which occurs in the shell
is reduced nearly 50 percent. While this cooling reduces the amount
of cavitation, it also reduces the cooling time required in the shell
itself.

Pouring. Shells are filled either in one pour, or more than one
pour, depending on their size and shape. The one-pour operation
will be considered first and is described as follows:

Inspect the shell cavity to insure it is clean, eve'nly coated with
black acidproof paint, and thoroughly dry.

Insert a suitable funnel and pour in the molten TNT, filling the
funnel approximately three-quarters full.

The TNT first solidifies on the shell bottom and sides (fig. 62),
and then forms a crust over the top surface of the liquid in the funnel.
As the charge solidifies, contraction occurs causing the liquid in the
funnel to recede into the shell, forming a cavity under the.top crust
in the funnel (fig. 63). No cavities will be formed in the shell charge,
provided there is enough liquid TNT in the funnel to take care of all
shrinkage in the shell charge,* and provided the liquid TNT in the
funnel is allowed to flow to all parts of the shell charge where
shrinkage is taking place. A good example of this is shown in figure •
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LIGHT CRUST

SPACE FORMING UNDER
CRUST CAUSED BY
SHRINKAGE OF CHARGE
AS IT SOLIDIFIES

FUNNEL

A BEVEL INSIDE BOTTOM
EDGE OF FUNNEL MAY
PREVENT TRAPPING AIR,
OR BUBBLES TRAPPED
HERE MAY BE REMOVED
BY L SHAPED ROD IMME-
DIATELY AFTER FILLING
SHELL

MOLTEN CHARGE

THIS LAYER OF SOLID-
IFIED TNT FORMS WITH-
IN THE FIRST FEW MIN-
UTES AFTER FILLING
SHELL

SHELL BODY

AS HEAT RISES,CHARGE
MAY BE EXPECTED TO
COOL FASTER AT THE
BOTTOM THAN AT THE
TOP

*A ro ISIH
Figure 62 — Shell Immediately After Loading (One Pour)
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ORIOINAL CRUST

fvoio ten BY .
ISHRINKAOE op CHARGE

MOLTEN TNT

SOLIDIFIED TNT

FtNNEL

SHELL BODY

RA PD inn
Flgwre 63 — TNT Solidifying In Shell I One Poor)
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64. AH cavities due to 'shrinkage have been formed in the funnel
which is now loosened by a light tap and lifted out of the shell.

The principal cause of cavitation in the shell charge is illustrated
by figures 65 and 66. In this case, cooling takes place more rapidly
in the neck of the funnel than in the shell below and the TNT finally
"freezes" solid at this point. The liquid TNT in the funnel can no
longer flow into the shell and all further shrinkage that takes place
below this point results in a central cavity or "pipe" in the shell
charge. Three possible causes of this are:

The inside diameter of the funnel may be too small at the neck.
The funnel may be made of material that radiates heat too rapidly.
The outside circulation of cold air may be causing rapid cooling

at this point.
This condition may be corrected by:

Redesigning the funnel to enlarge the inside diameter of the neck.
The use of approved plastic funnels which are relatively poor

conductors of heat.
The insulation of shells and funnels by hoods, baffles, or other

protection from drafts to prevent rapid .cooling of the top portion
of shell.

The size and shape of some of the larger shell is such that it is
impracticable to obtain a suitable cast in one pour. When the opening
in the nose is of considerably smaller diameter than the shell cavity,
the TNT will freeze solid at this point long before the rest of the
charge has had time to cool. This difficulty is overcome by partially
filling the shell and allowing it to cool sufficiently before adding a
second or final pour. The casting of a 155-mm H. E. shell is described
as follows:

The shell is filled approximately two-thirds full and allowed to
cool until a thin crust has formed. The crust is then cut into small

'pieces with a chisel pointed half-inch brass rod approximately 18
inches long. The crust is carefully cut away from the sides leaving
a round hole with no projecting ledges. Trained operators continue
cutting back the crust as it forms, carefully noting the condition of
the molten mass. As the molten core in the center of the shell grows
smaller in diameter, care must be exercised not to allow heavy or
large pieces of crust to fall in and choke it up, as a cavity will form
in the molten core below the choke point. When the center hole in
the cast has reduced to about 1 inch in diameter, and the molten TNT
has reached a consistency of thin mush, the second pour should be
added by filling the shell to within approximately 2 inches from the
top. As the second pour is added, care must be exercised to be sure
there is no crust over the molten core of the first pour. An operator
should precede the bucket man and cut the crust in each shell with
a brass rod a few seconds before the second pour is added.
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ORIOINAL CRUST

FUNNEL

VOIDS
SHRINKAGE OF
CHARGE

[WHEN FUNNEL IS
REMOVED BREAK
OCCURS HERE

tSOLIDIFIED TNTALL VOIDS FROM
SHRINKAGE ARE
IN THE FUNNEL

SHELL BODY

RA n HIM

Figure 64 — Shell Properly Loaded — Covlfy In Funnel
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ORIGINAL CRUST

IvOID LlfT BY
[SHRINKAGE or CHARGE

MOLTEN TNT

FUNNEL

SOLIDIFIED TNT

SHELL BODY

RA ro ism
Figure 6S — Cavity Forming In Shell
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ORIGINAL CRUST

JVOIDS LEFT BY
I SHRINKAGE OF
[CHARGE

FUNNEL

SOLIDIFIED TNT

[BREAK OCCURS HERE
(WHEN FUNNEL is
{REMOVED

fCAVITV REMAINING
[IN SHELL CHARGE

SOLIDIFIED TNT

SHtLL BODY

______ RA ro inw
Figure 66 — Shell Improperly Loaded —< Cavity or flpe

Formed Hear Neck of Shell
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Figure 67 — SfenclMng ?55-mm Sheila
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Continue cutting the crust on the second pour in the same manner
as described for the first. More care must be used as the molten
core in the center is smaller now and can be more easily choked with
dry chips falling into it. Keep it cut back and open in exactly the
same manner as described for the first pour. Carefully watch the
consistency of the molten mass as it will probably cool much faster
than the first pour. When the central core has reduced to about 1
inch in diameter, and the molten TNT is the consistency of thin
mush, the shells are ready to be topped off. This is done by inserting
a large funnel to protect the threads and with enough volume to act
as a riser. (If no other means of protecting the threads is used, this
funnel remains in the shell during all previous operations.) The same
care must be exercised in adding the top off pour as was used -in
adding the second pour to break up any crust on top of the molten
core in the shell. An operator should precede the bucket man and cut
the crust in each shell with a brass rod a few seconds before the top-
off pour is added.

Fill the funnel approximately three-quarters full and allow to cool.
If previous instructions have been followed, all shrinkage that takes
place from now on in the shell will be filled from the reservoir of
molten TNT in the riser and solid cast shell of uniform density will
result. Common practice is to break the crust that forms on top of
the funnel during the cooling period, but this is not necessary, and
may even be harmful because if a a solid chip falls into and chckes
the narrow molten central core, a cavity will form in the shell below
the choked point. /

Housekeeping. To assist in keeping the exterior of the shells
and pouring room floor free of TNT, spilled during operations, a
paper mat may be spread over the shells cutting openings for the
insertion of each funnel. As an alternate, brass mats may be used
with suitable openings for the nose of each shell. If a brass mat is
used, it should be wiped very lightly with a half mixture of kerosene
and paraffin oil to prevent the TNT from adhering to it. This liquid
mixture is also excellent for treating pouring from floors and any
metal or cement surface likely to become splashed with molten TNT,
as it prevents the TNT from sticking. Rubber pouring buckets of •
soft latex have been found excellent for pouring TNT into shell as
the bucket can be quickly collapsed by the operator as soon as it is
empty (while still hot), causing the film of TNT adhering to the
inside to flake off for reuse. Pouring funnels made of approved molded
plastic material have also been found highly satisfactory. These are
made to extend well into the shell nose protecting the threads during
the casting period.

Drilling. Booster cavities are drilled, using a horizontal drill or
other suitable means to produce a booster cavity which will conform
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to that shown on the loading drawing. A twist drill of high-speed
steel has been found to be very satisfactory for this operation. Recom-
mended maximum speed for horizontal drilling machines is 120 revo-
lutions per minute. All explosive must be removed from the threads
of shells, using a bronze pick while the shell is rotated on a rotating
device. All loose particles of explosive must be removed from the
booster cavity. This is usually accomplished by a vacuum unit ap-
proved for use in hazardous operations. All explosive must be re-
moved from the exterior of the shell-using a bronze scraper. Shells
which have been carelessly loaded will usually have a cavity or pipe
extending into the charge below the bottom of the booster cavity.
This condition should be carefully watched for at this point in the
operations, and such shell set aside pending decision of the inspector.

Determination of Specific Gravity. For the determination of spe-
cific gravity (density) of the charge, there shall be selected one
empty bomb or shell from each 100 to be loaded. Each sample select-
ed shall be marked so that it can be identified after loading. The
test shall be accomplished as follows: Weigh each sample bomb or
shell empty and then fill with water, making allowance for space
occupied by fuze, booster, and weight of auxiliary boosters (if any).
Weigh each water-filled sample, then empty, and throughly dry for
loading. At the rate of 1 per 100, these samples will be loaded under
conditions identical in all respects with those employed in loading
other bombs or shells. After loading weigh each sample and calculate
the specific gravity of the charge as follows:

Specific Gravity = Wt - We

= Ww-We
We = weight of empty shell in pounds
Ww = weight of water-filled shell in pounds
Wt = weight of loaded shell in pounds

If the spccifiic gravity complies with the requirements, the identi-
fication markings may be removed and the samples included in the
lot. The specific gravity of the TNT charge shall not be less than
1.54. If the specific gravity falls below this requirement the 100
shells or bombs represented by the sample will be held pending final
decision of the inspector as to the cause of the low density.

Splits. A visual examination of the charge is made as follows:
The United States shall provide one or more empty shells or bombs
of the type being loaded which shall be made into molds by halving
longitudinally. These halves shall be held together with bands or
other means and a gasket to prevent leaks while loading. From time
to time at the discretion of the inspector, and especially at the begin-
ning of loading operations, these split bombs or shells shall be filled
under conditions identical in all respects employed during regular
operations. After the charge has cooled, it is removed and examined
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by the inspector to enable him to judge whether there is any objec-
tionable cavitation or other defects. The molded charge is usually
split longitudinally by sawing with an ordinary hand saw. If the
conditions exhibited by the sectional charges are not satisfactory,
steps shall be taken immediately to remedy the faults that have
been disclosed. Additional valuable data may also be gained if water
weight determination of density is taken on all splits as described
above.

AMATOL.
General. Amatol is a mixture of TNT and ammonium nitrate.

The percentage of each is determined by weight and may be mixed
in proportions varying from 50/50 to 80/20, the latter figure in each
case representing the percentage of TNT. Ammonium nitrate is a
white crystalline material which when finely ground, resembles table
salt in appearance. When pure and dry it melts at 170 C. (Compare
this with TNT.) Its chief drawback is that it is very hygroscopic,
quickly taking up moisture from the air. For this reason, amatol must
be carefully sealed from the atmosphere. Unlike TNT, amatol has
quite a corrosive effect on metals especially if moisture is present.
The great value of ammonium nitrate is that-it opens an enormous
supply of an easily procurable and cheap material, practically non-
explosive by itself, which when mixed with as little as 20 percent
of TNT provides an explosive practically of the same brisance as
TNT alone. The available supplies of TNT can therefore provide a
far larger quantity of high-explosive ammunition than would be
possible without the use of ammonium nitrate. When mixed with
various percentages of TNT, it will flow in the molten state and can
be loaded by casting. When only 20 percent TNT is mixed with 80
percent nitrate (80/20), the mass is too stiff to pour and must be
extruded or -tamped while hot into the shell or bomb cavities.

Casting Method of Loading Amatol.' When ammonium nitrate is
received in hermetically sealed containers, it is fed directly into a sifter
to screen it to the proper size. Lumps which fail to pass the screen
are shoveled into a rotary nitrate cutter and thence back into the
screen. The screened nitrate is placed in 50-pound covered buckets
and taken to the mixing house and elevated to the third floor level.
After carefully weighing, a charge of nitrate (approx.'SOO Ib) is placed
in a steam jacketed rotary mixer known as a preheater where its
temperature is raised to 82.1 C (180F). This requires approximately
45 minutes.

In the meantime, a charge of TNT is being melted in a melt unit
on the second floor (same as that used in TNT loading). The weight
of this charge is such that when mixed with the charge of nitrate, the
desired percentage of each will result. When all the TNT has melted,
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it is drawn off into a steam jacketed mixing kettle equipped with
a mechanical agitator and kept at a temperautre of 85 C (184P).
The agitator is started and the operator opens a valve which allows
the hot nitrate from the preheater on the third floor above to feed
slowly into the molten kettle of TNT where it is thoroughly mixed
and blended by the agitators. The dryness of the nitrate is essential,
as with moist nitrate the amatol does not flow well or mix well, the
moist nitrate crystals collecting together as lumps. Specifications
require that ammonium nitrate contain not more than 0.25 percent
moisture. After the entire charge of nitrate has been added, the blend-
ing and mixing in the kettle is allowed to continue until the entire
charge appears to be fluid and no lumps of nitrate appear. For bombs
which are to be loaded with approximately 60/40 amatol, it is desired
that the amatol contain as high a percentage of ammonium nitrate
as possible and still flow from the mixing kettle. This percentage
depends on the fineness of the ammonium nitrate and may vary from
55 to 65 percent. The amount of ammonium nitrate used may vary
from batch to batch and no attempt should be made to hold a uni-
form percentage. The amount used in each batch will be determined
by the fluidity of the mix. The addition of ammonium nitrate to the
molten TNT should stop at the point where the mixture will flow
from the mixing kettle and at the point where the addition of more
ammonium nitrate would prevent the mixture flowing from the mix-
ing kettle.

Prom this point, the molten amatol is cast in the same manner as
described for TNT, except for the fact that amatol is usually loaded
with one pour, cooled .until the central core is about ready to set
up or has become "mushy," and topped off with TNT, using a riser
as in the case of other TNT loading. This provides a TNT surround
for the booster, seals the charge of amatol against moisture, and
prevents corrosion of the booster case which would otherwise occur
if it were in direct contact with the amatol. The interiors of all shells
and bombs are given a coating of black acidproof paint prior to load-
ing with amatol.

In the case of bombs which have both nose and tail fuzes, it is
necessary to provide a TNT surround in both nose and tail to protect
the fuze cavities from corrosion and seal the amatol charge against
moisture. In loading a bomb through the tail opening, it is apparent
that the TNT surround for the nose fuze must be poured in first. A
separate melt unit is provided on the ground floor of the amatol
mixing house to supply molten TNT for the purpose of casting TNT
surrounds. The following operations are performed incident to load-
ing a bomb with amatol by the casting method:

1. Remove nose plug and tail cap.
2. Inspect bomb interior and repaint if necessary.
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3. Remove all grease from bomb and threads.
4. Insert fuze seat liner in nose of bomb sealing threads with ani-

mal glue.
5. Gauge fuze seat liner and insert nose plug. • •
6. Place bomb in loading rack. Insert auxiliary booster with special

tool.
The bomb is now ready for TNT bottom pour to surround the nose

fuze seat liner; the depth of this pour is shown on the loading draw-
ings. TNT prepared in accordance with specifications is poured into
the bomb to a depth somewhat above the joint between the fuze
seat liner and auxiliary booster in accordance with the loading draw-
ing, and allowed to cool. After the crust is formed, it is cut down
with a brass rod every half hour, taking care not to disturb the core
that forms around the auxiliary booster. When the molten charge
becomes almost stiff, smooth off the surface with a rod by submerg-
ing any crust or chips and allow to set.

Amatol prepared in accordance with preceding paragraphs is drawri
into a cooling tub and agitated with a paddle to cool it to a tem-
perature of between 80 C and 85 C. (82C or 179.6F is recom-
mended.) The molten amatol is then transferred into pouring buck-
ets and poured into the bomb cavity to a depth as shown on. the
loading drawing. In loading smaller bombs, a funnel is used to avoid
splashing. After the required charge is placed in the bombs, they
are transferred to a cooling room where the crust is broken down
and cut back in the manner described for TNT. When the amatol
charge has become quite stiff and the molten central core has re- '
duced to approximately 4Vi inches in diameter, the TNT surround
is poured as shown on the loading drawing.

If a tail auxiliary booster is required, it is inserted just prior to
this pour and held in place with a special tool. In this case, the
breaking down of the TNT crusts is done around this tool, taking
care not to disturb the auxiliary booster until the charge around it
has cooled. The booster cavity may be formed or drilled at the dis-
cretion of the contractor. In either case, a riser must be used for the
last pour to eliminate cavitation due to shrinkage. The forming opera-
tions usually require the addition of two or three increments of
molten TNT and several special tools are required. Complete in-
structions for forming of drilling operations may be obtained from
the Chief of Ordnance.

After drilling or forming the booster cavity, threads should be
thoroughly cleaned and freed from all explosive and foreign mater-
ial. If chemical cleaner is used, no material other than acetone should
be used. Care must be taken to prevent the acetone from soaking
into the charge. Final assembly of the bomb should be completed
as specified by the respective drawings.
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Steps should be taken to reduce the waste of amatol scrap to the
absolute minimum. Such scrap as is obtained from the cooling tubs
and pouring pails can be utilized by puddling it into hot molten
bomb castings while thin and friable scrap may be placed into the
amatol mixing kettle after the TNT has been introduced and before
the charge of ammonium nitrate is added so that remelt is obtained.
In this latter instance, the granulation of the scrap should not ex-
ceed in size the clearance between the moving and stationary paddles
of the amatol mixing kettle.

Density determination, selection of samples, and examination of
the explosive charge by means of a split bomb will be carried out in
the manner prescribed for TNT. The specific gravity of 50/50
amatol should not be less than 1.50.

Extrusion Method of Loading 80/20 Amatol. 80/20 amatol is a
mixture of 80 percent ammonium nitrate and 20 perecent TNT. This
material is not fluid enough to use the casting method and has to be
handled by the extrusion method. The ammonium nitrate used for
this work is prepared in the same manner as that for 50/50 amatol.
From this point, the procedure changes for the 80/20 mixture. The
ammoniun nitrate is first placed in the amatol mixing kettle and
heated to approximately 95 C. The proper proportion of TNT is then
added in the liquid state and the mixing continued for at least 15
minutes or until the entire mass has become plastic and of uniform
composition. The mixed 80/20 is then transferred to the hopper of
the extrusion machine. The hopper of this machine will hold approx-
imately 250 pounds which is sufficient to load 16 155-mm shells.
The hopper is steam heated so that the material is maintained in
the plastic condition throughout the process. From the hopper, the
material is fed into the shell by means of a steel screw operated
inside of a steel tube. The shell is first placed on the carriage
of the extrusion machine and allowed to run forward so that the end
of the screw is within 2 to 4 inches of the base of the shell. At this
point, a second trip action disengages the screw so that the shell
can be removed from the carriage. A counter weight placed on the
carriage of 200 pounds to 300 pounds maintains a steady pressure
against the extruding amatol and thus solidifies the charge within
the shell.

A number of difficulties arose during World War I in connection
with the loading of 80/20 amatol. These difficulties were due to
the type of ammonium nitrate which was furnished. If the ammonium
nitrate is of fine granulation, low densities will be obtained due to
insufficiency of the TNT to fill in the spaces between the crystals.
If the crystals are too large, liquid TNT leaks from the extruder
and also causes low density. For 2 years, Picatinny Arsenal investi-
gated the loading of 80/20 amatol for the purpose of determining
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the type of ammonium nitrate which should be used. The work on
granulation has been completed and with a proper control of granu-
lation, no difficulty is encountered with obtaining satisfactory density
of the charge. The ammonium nitrate intended for use in the man-
ufacture of 80/20 amatol is listed under specification 50-11-59 as
"Class B." The granulations specified are those of commercial grade
of ammonium nitrate used in the manufacture of dynamite and no
increase in cost should arise.

Shells and bombs loaded with 80/20 amatol are topped off with
TNT surround. Density determination, selection of sample's, and
examination of the explosive by means of a split will be carried out
in the manner prescribed for TNT. The specific gravity of 80/20
amatol will be not less than 1.38.

TRIMONTTE.
Trimonite is a mixture of 88 percent picric acid and 12 percent

alphanitronaphthalene. This material is loaded by the casting method
and is handled in the same manner as TNT. At the time of casting,
the charge resembles 50/50 amatol more than it does TNT, due to
the fact that all of the picric acid has not melted and is in suspension'
in the liquid. The casting temperature of trimonite is from 95 C to
105 C. Trimonite has practically the same explosive properties as
50/50 amatol. The cast charge has a density of not less than 1.60.-
Work at Picatinny Arsenal has shown it to be an excellent explosive
for shell and bombs and the numerous tests at Aberdeen Proving
Ground have failed to indicate a single item which would militate
against its use as a shell and bomb filler. To date, however, it has
not come into general use for loading high-explosive ammunition.

EXPLOSIVE D.
General. Explosive D (ammonium picrate) is supplied to loading

plants in the form of finely divided crystals packed in paper lined
wooden boxes. It varies in color from canary yellow to reddish brown.
It does not melt on heating, but explodes when heated to a tempera-
ture of about 300 C. The only method of loading is to press it into the
projectile cavity until the proper density is obtained. Ammonium
picrate can react with metals to form metallic picrates but when dry,
this action is almost negligible. Wet ammonium picrate reacts slowly,
especially with copper or lead, to form picrates which are particularly
sensitive and dangerous. Each projectile is carefully inspected before
loading and interiors must be clean and well coated with black acid-
proof paint, which has thoroughly dried, before loading. Explosive
D is used as a bursting charge for armor-piercing projectiles on ac-
count of its insensitiveness to'shock, which permits the projectile to
penetrate the armor without exploding. It will absorb moisture from
damp atmosphere and should be stored in dry magazines.
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The Pressing Process. Projectiles are loaded with explosive D
behind barricades with hydraulic equipment The shell must be placed
centrally under the ram of the press in order to make certain that the
ram does not strike the side walls of the shell. The weight of the
shell must not rest on the false ogive, armor-piercing cap, or wind-
shield while pressing the charge, but must be supported at a point
on the shell wall immediately forward of the bourrelet. This support-
ing ring must be machined of special steel to very close tolerance in
order to prevent the projectiles from sticking in the support.

Explosive D is pressed "into shell in increments of various sizes.
Starting in the nose of the shell a small amount of explosive D is
pressed with a ram of small diameter. The ram is then removed and
a larger amount of explosive D added and pressed with a ram of
larger diameter. As the height of the pressed charge rises, the diam-
eter of the shell cavity (which is usually cone shaped) increases,
and this allows an increase in the diameter of the ram used as well
as an increase in each successive increment of explosive. When the
cylindrical portion of the shell cavity is reached, the rammer diameter
and explosive increment have reached their maximum size and remain
constant until the shell is filled to the required height. Pressures re-
quired to obtain the desired density may vary from 7,000 to 20,000
pounds per square inch of pressing area of the ram, depending on

.numerous factors described in the following paragraphs. Pressure per
square inch under the ram will be computed as follows:

P x A _, . ' • i. j———— = Pounds per square inch under ram
A|

P = Pounds pressure per square inch in press
cylinder (dial pressure)

A =Area of press cylinder in square inches
A | = Area of ram pressing surface in square inches

Experiments with all shapes of rams show that a flat ram is best.
The diameter of the rammer face must be carefully determined. A
properly designed ram reduces the danger of the operation by allow-
ing excess explosive D not pressed by the ram to have free escape
around the sides. This also produces more uniform densities; a larger
ram gives high densities on the sides, a smaller ram gives high den-
sities in the center. When loading is properly carried out, the major .
portion of the explosive is held firmly under the ram while the excess
is given free escape around the sides without undergoing any com-
pression. Relative motion of the particles of explosive D which are
held firmly is negligible and the explosive D which escapes is still
in proper condition for incorporation in the next increment. If, how-
ever, the clearance is too small (clearance area less than 16 percent
of the cross section of the cavity, or ram not centrally located in the
cavity), the escaping material will be compressed before it gets clear;

152

and will not be in satisfactory condition for repressing. It will also
be noted that unless rams of small diameter are not made long
enough, some explosive D may be compressed by the enlarged upper
portion of the rammer shaft.

The amount of explosive for each increment and the size of ram
and estimated pressure for each have been recorded from actual load-
ing records and may be obtained from Picatinny Arsenal for a large
number of projectiles of various sizes. Where records are not avail-
able, the rule for determining the size of the increment is that the
height of the increment after pressing should not exceed the diameter
of the ram by more than 25 percent. The diameter of the ram should
be approximately 88 percent of the diameter of the cavity at the in-
crement level after pressing. The pressure required to obtain the
specified density varies with the granulation of the explosive and
must be determined by actual test. Coarser grained explosive D is
relatively easy to press to the required density while a fine, light,
fluffy material is very hard to press. Granulation of the explosive is
now controlled by current specifications that allow not more than 20
percent to pass a No. 100 U. S. standard sieve.

Setting Up the Loading Procedure. In preparation for the loading
of shell, it is necessary to load the point increment into a projectile
in strict accordance with the procedure so far outlined, and carefully
note the following:

1. Weight of explosive.
2. Diameter of ram.

•v3. Maximum pressure applied and length of time the maximum
pressure was held before releasing. It may be necessary to vary this
time from 3 to 30 seconds.

4. Diameter of shell cavity at top of pressed increment.
5. Total length of pressed increment.
6. Condition of explosive remaining unpressed.
7. Centering of ram with respect to shell cavity.
CAUTION: Care-must be exercised during experimental work to

prevent the ram striking the shell cavity walls, especially on the first
increment where the cavity diameter is small and tapers to a point.

The shell is removed from the press and the increment is carefully
dug out by cutting it away from the side walls of the shell with a
chisel-pointed brass rod. All large pieces are saved for determination
of specific gravity by the mercury method. If uncompressed explosive
is found in the bottom of the shell cavity, one or more of the following
may be the cause and must be corrected: increment too large; ram .
too large in diameter; not enough pressure applied; or a combination
of several causes. A properly pressed first increment will hold its shape
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to the point of the cavity and when care is used in cutting, a sample
for density calculation can be obtained from the cavity point.

Corrections are made, and the above is repeated on several shells
until a satisfactory increment of uniform density is obtained. The
specific gravity of all samples is carefully recorded and charts to show
a cross section of the cavity for each sample shell. Like procedure is
followed for all increments. When satisfactory results are obtained,
this procedure then becomes standard practice for loading the par-
ticular increment involved. ,.

After samples are removed for density determination of the incre-
ment under development, samples are further cut out until the shell
is entirely unloaded and the density of all previously loaded incre-
ments is checked. All results are checked against the points noted
above, and a chart is prepared for each experimental shell. If the
specific gravity runs higher than required, the possibility of increas-
ing the size of the increment should be investigated with a view of
reducing operating costs and increasing production. The use of more
pressure than is required to obtain specified density should also be
avoided. The foregoing procedure is continued until a standard
practice has been developed for each increment. The height to which
the last increment is pressed will be determined by a study of the
drawing of the shell being loaded. Excess explosive to be cut away to
allow seating of the base plug should be kept to a minimum.

The first projectile is loaded in accordance with the procedure
so far outlined. Samples are taken for specific gravity in accordance
with U. S. Army Specifications 50-15-1A. If the procedure has been
correctly developed, the specific gravity throughout the charge should
be satisfactory. If not, such corrections to the loading procedure as
may be necessary are made. A good plan is to select several shells at
intervals from the first day's production and remove samples for spe-
cific gravity to check operations. These results should definitely prove
the quality of loading and if satisfactory, production should proceed.
The shells used for all previous tests should be thoroughly cleaned,
and the interiors should be recoated as required by the drawing.

Specific Gravity. The selection of sample shells for determination
of specific gravity of the explosive charge should be made by the in-
spector in accordance with U. S. Army Specification 50-15-1A. The
number selected varies from 1 for each 50 to 1 for each 1,000 shells
loaded, depending upon the type and caliber of the shell. Samples
for the determination of the specific gravity of the charge should be
taken from each increment of loading and should be sufficient in
number to represent all parts of the charge. The samples may be
taken with a core drill or by using a metal bar of nonsparking material
with a chisel point. Each of the samples of explosive should be cut
to approximately a %-inch cube, and the specific gravity should be
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determined on each sample by the mercury displacement method,
as follows:

Clean the samples so as to leave no sharp corners, and weigh ac-
curately on a laboratory balance. For determining the displacement,
use an apparatus consisting of a glass beaker with ground top, a piece
of glass of sufficient size to completely cover the top of the beaker,
and a semihard rubber perforated plate, pierced at each corner with
sharp pointed pins so that about Vi inch of pin protrudes from each
side. Fill the beaker with clean mercury. Insert the rubber plate, and
level off the mercury by pressing down with a flat glass until it is even
with the top of the beaker. Place the sample beneath the prongs of
the rubber plate, and level the mercury as before. Catch the excess
mercury in a clean bowl. Weigh the mercury displaced, and calculate
the specific gravity of the sample as follows:

13.54 W
Specific gravity = —:JT—wi

W = weight of sample in grams
Wt = weight of mercury displaced in grams.

For armor-piercing projectiles the specific gravity should not be less
than 1.45 in all parts of the charge. For projectiles other than armor-
piercing, the specific gravity should not be less than 1.35 in all parts
of the charge.

After the last increment has been passed, the shell is removed to a
convenient location for assembly of the base plug, fuze, and base
cover. Excess explosive is removed from the projectile by means of a
cutter having a contour the same as the inner face of the base plug.
The amount of explosive removed should be such that the void be-
tween the inner face of the base plug and the explosive charge would
not exceed 0.125 inch. Loose explosive left by the cutter should be
removed by an approved vacuum unit and the threads thoroughly
cleaned of all explosive dust. Waste explosives from drilling and
thread cleaning operations must not be reclaimed but should be de-
stroyed in accordance with safety regulations.

Base plugs are not interchangeable and both shell and plug must
be cold stamped with a serial number before removing the plug to
insure reassembly in the shell to which it belongs. NOTE: All base
plugs and base fuzes are equipped with left-hand threads. The inner
face of the plug must be coated with black acidproof paint and dusted
lightly with flake graphite when thoroughly dry. A small quantity of
the specified lubricant is applied to the threads of the base plug end
the base plug is screwed into the projectile until it is properly seated
flush with the base of the projectile. The plug is unscrewed one or two
turns, and paraffin is poured through the fuze hole until it completely
fills the void between the explosive charge and inner face of the plug.
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The base plug is immediately tightened in the projectile and the
paraffin is allowed to solidify.

A cutter having a contour which conforms to the contour of the fuze
body is inserted through the fuze hole and the fuze cavity is drilled
in the explosive charge. NOTE: Where a fuze seat liner is required,
it must be inserted prior to final assembly of the base plug. The
depth of this cavity should be such that when the fuze is assembled
any void existing between the fuze and face of the explosive charge
will not exceed 0.025 inch. All surfaces of the fuze coming in contact
with the explosive must be coated with black acidproof paint. All
loose explosives are removed from fuze cavity and fuze hole threads.
A small quantity of approved lubricant is applied to the fuze threads
before assembly. The fuze is screwed firmly in place until it seats flush
with the base plug. In most cases the fuze comes to a positive stop
against a shoulder in the fuze hole. Where a positive stop is not pro-
vided, the fuze is held in place with a locking pin. Wrench hole filling
plugs are inserted as required. The calking groove is thoroughly
cleaned and the base cover is assembled complete with lead disc. The
projectiles are painted and marked as required by specifications and
drawings.

In view of the fact that proper loading of projectiles depends abso-
lutely on the size of the increment, the size of the ram, the pressure
applied, and the granulation of the explosive, it can readily be seen
that the explosive operators must follow instructions to the letter. The
rate of application of the pressure and the time of holding the pres-
sure on the explosive must be uniform, as disregard of these points
•alone can give a variation in density greater than allowed by spe-
cifications.

The foregoing information is to be used only as a guide where ap-
plicable to the various loading activities. Specific operations will be
governed by the drawings, specifications, operation studies, standard
practice sheets, and other instructions issued by the Chief of Ordnance.
TETRYL.

Tetryl has been recently adopted as a standard filler for small high-
explosive shells. It is first blended with a small percentage of graphite
or stearic acid and then pressed into pellet form (dry). These pellets
are made to fit the inside-diameter of the cavity to be filled. The
correct number of these pellets are placed in the shell cavity and
reconsolidated by a final pressing operation. Operators are always pro-'
tected by a shield or barricade when pressing tetryl. To date, tetryl
has been used principally as a filler for 20-mm and 37-mm high-
explosive shells.
TETRYTOL.

This is a mixture of tetryl and molten TNT. As some of the tetryl
goes into solution, the mixture can be successfully cast with as high
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as 70 percent tetryl and 30 percent TNT by weight. The principal use
and advantage of tetrytol is in loading boosters and bursters by the
casting method. These items were previously loaded with dry tetryl
which was pressed into pellets and then reconsolidated by pressing
into the burster or booster casing. The mixture is agitated until ready
for casting to prevent separation or settling. The use of tetrytol loaded
boosters and bursters has been approved except where the loaded
item is plunged into or surrounded by a hot bursting charge, such as
(auxiliary boosters in demolition bombs) where a remelt of the
tetrytol might occur. The advantages of casting over pellet recon-
solidation, especially in long burster tubes, is tremendous from a
standpoint of simplicity of operations, safety, and cost of equipment.

PENTOLITE.
This is a mixture of PETN and TNT. The 50/50 mixture results in

a considerable increase in the brisance of TNT as measured by the
rate of detonation. It is more sensitive to friction and shock than TNT
and where booster cavities have to be drilled, a mixture of 10 percent
PETN and 90 percent TNT is used for the booster surround.

50/50 pentolite is supplied in the dry state packed in the same
manner as TNT. It is loaded by the casting method, 5-pound steam
pressure on a steam jacketed open kettle being sufficient to melt the
dry material. As the dry material melts, it must be constantly agitated
to keep the PETN in suspension, since only a small portion of it goes
into solution with the TNT. This agitation, usually by air driven pro-
pellers or hand paddles, must be continued until the material is cast
into the ammunition being loaded.

The stability of pentolite is not as good as straight TNT. Long
periods of storage under high temperature may result in a separation
of the material and the loss of its greatest effectiveness as an explosive
of high brisance. Every effort must be made to store it in a cool,
dry plnce.
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SECTION IV.
CHEMICAL WARFARE AGENTS

Chapter 1
Chemical Agents

INTRODUCTION.
General. Chemical agents are many times referred to as the

weapons which can "shoot around corners," due to their ability to filter
through small crevices and to settle in all recesses, thus seeking out
their victims. A great many people feel that, because of this, chemical
agents are too brutal and too inhuman to be used by a civilized nation.
The facts from World War I prove otherwise. Of the 275,000 Ameri-
can casualties, more than one-fourth were caused by gas. Of the gas
casualties, only about 2 percent died. Of those caused by other
weapons nearly 25 percent died. In other words, the man wounded
by gas had about twelve times the chance to live, in comparison with
his fellow soldier suffering from the effects of the traditional weapon.
Those who have opposed gas weapons on the basis of inhumanity
have long since been halted by the facts.

No form of warfare is humane, for war is the negation of humanity.
Before one concludes that gas warfare is too horrible for a civilized
people to tolerate, he should compare gas casualties with the injuries
resulting from high explosives, bullets, and bayonets. He should think
of the torture that comes to the man who has been bayonetted, before
death releases him, or to the man whose face has been shattered by
a bullet which destroys eyes, nose, and jaw, yet fails to bring the re-
lease of death. He should also remember that most gas casualties can
be avoided. Proper gas discipline and use of protective equipment can
reduce to a very small percentage the number of men put out of
action by chemical agents. A man in the open is helpless against the
missile weapons, there is nothing he can do to avoid injury by bullets,
flying pieces of metal, or shock of explosion. He can and should avoid
injury by gas.

History. The idea of using chemical agents in warfare was not con-
ceived as many believe in the days of World War I. History shows
that the seed of chemical warfare has always been present in military
thought Only a proper combination of conditions was required to
bring it to a vigorous life. The required conditions did not exist until
the latter part of the nineteenth century, and the proper combination
was not reached until the First World War.

The earliest recorded use of chemicals in military operations was
at the siege of Plataea, 428 B.C., where the Spartans used gas as an
offensive weapon against the Athenians. Wood, saturated with pitch
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and sulfur, was burned under the walls of the city in order to create
choking and poisonous fumes to assist the assault in subduing the de-
fenders. This operation would have been most successful if a sudden
rainstorm had not put out the fire. A similar operation at the siege of
Delium, 5 years later, was a complete success.

Ancient chronicles report that about the year 360 B.C., the Greeks
used suffocating and incendiary mixtures formed of various chemical
substances easily ignited and hard to extinguish. They consisted of
pitch, sulfur, tow, and resinous wood chips. This compound was put
into pots which were thrown burning from besieged towns upon the
"tortoise," the shelter under which the besiegers attempted to approach
the walls. Later, incendiary-arrows and other incendiary devices shot
from catapaults came into use.

Greek fire was perhaps the most famous of all of the early.means
of chemical warfare. This compound was a powerful incendiary which
produced suffocating fumes. Early writers state that it would ignite
when brought in contact with the water and float and burn on the

• surface of the sea. The exact composition of Greek fire is not known.
The process for its manufacture was kept a close secret for several
hundred years. It must, however, have contained rosin, pitch, sulfur,
naphtha or petroleum, quicklime, and perhaps also saltpeter. It was
discharged from tubes in the bows of the ships.

At the siege of Petra, in the days of the Roman Empire, the Per-
sians used vases filled with a fire compound of sulfur, asphalt, and
naphtha. These were thrown into the city by mangonels, a military
engine for hurling rocks and javelins. When they broke, the com-
pound burst into flames which could not be extinguished and which
gave off choking gases.

Smoke was successfully used in a river crossing by Charles XII
of Sweden in 1701. Under cover of a thick cloud produced by burn-
ing damp straw, Charles was able to cross the Dvina and take position
in the face 'of superior forces before the enemy learned what was
happening. •

During the siege of Sebastopol, 1855, Admiral Lord Dundonald
submitted a plan for the use of sulfur gas for the reduction of the
Russian forts. The English government admitted the plan was feasible,
but would not permit putting it into execution. The use of sulfur •
was suggested at the siege of Charleston in the Civil War.

As a matter of fact, modern chemical warfare might just as well
have started during the War Between the States in 1862 as during
the World War in 1915. Only the failure of the War Department to
grasp the golden opportunity offered prevented this. Not only was
a practical scheme for using gas recommended, but the suggestion
incorporated the use of the very gas that the Germans used so
successfully at Ypres over 50 years later.
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During World War I, the first gas attack of any consequence was
the famous gas cloud attack at Ypres in April 1915. The chemical
agent used in this attack was chlorine and the casualties numbered
about 5,000 men. Although the element'of surprise was perfect, the
Germans failed to make the gains that were possible because they
failed to realize the effect the attack had on the Allied morale.

Chlorine was followed by phosgene, also developed by the Ger-
mans, in an attack which took place on December 11, 1915. This
attack was not successful because the Allies were ready for it.

Mustard followed next in line, being introduced by the Germans
near Ypres on July 12 1917. This marked the first use of a chemical
agent which would linger in one place for a great length of time
and thus render that area unfit for use.

From this period in the First World War, chemical agents were
developed in rapid succession by all nations, and new agents are
still being experimented with and adopted for use today.

GENERAL.
Most people, when the words "chemical warfare" are mentioned,

immediately think "poison gas." As a matter of fact, in the Chemical
Warfare Service the agents are often referred to as "gases." The term
"poison gas," however, is a misnomer. Most of the chemical combat
substances are liquids and solids which are disseminated in the air
by various methods. Some are contained in shells, or bombs, which
explode and throw the liquid or solid agent into the air in drops or in
fine particles. Some solids, are vaporized by heat within a container
and pass into the air as a smoke. Others, generally liquids, are carried
in tanks upon airplanes and released into the air to fall to the ground
as droplets or as a fine mist. A few, those which enter readily into
the gaseous state, can be released directly from cylinders, merely by
opening a valve, and form a dense cloud which is carried by the wind.

Definition. Whether these materials are called chemical agents,
combat chemicals, or poison gases, the terms all refer to any sub-
stance, useful in warfare, which by its ordinary and direct chemical
action, produces either a powerful physiological effect, a screening
smoke, or an incendiary action. Note the words "by direct chemical
action." The active agent itself creates casualties directly. TNT, picric
acid, smokeless powder, are all chemicals but they ate useful in war
because they propel shell fragments or bullets by their explosion.
They exert their chemical effect indirectly and so are not spoken of
as chemical agents.

Requirements. Of the many thousands of poisonous substances
known to the chemist, the number that are important as agents of
chemical warfare may almost be counted on the fingers. One may
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point out very good reasons why there are so few effective combat
chemicals. Not only must the warfare agent have irritant or toxic pro-
perties sufficient to irritate or cause casualties in extremely low con-
centrations, but it must also possess suitable physical characteristics
and chemical properties, and meet rigid economic standards.

To find a material that will combine all requirements is practically
impossible. There are 10 requirements which the ideal war. gas must
possess. To meet the ideal specifications, a chemical agent for our
armed services must be: " .

/. Effective in small concentrations.
2. Unreactive, and not so easily neutralized or destroyed.
3. Easily manufactured in large quantities.
4. Composed of raw materials easily procurable on the North

American continent or in the Western Hemisphere.
5. Cheap.

• 6. Easy to transport, compressible to a liquid.
7. Stable in storage and stable against shock of explosion.
8. Heavier than air.
9. Effective against all parts of the body; combination of lung, eye,

skin, and nose irritant.
10. Odorless, tasteless, colorless; not easily detected.

All of these requirements obviously cannot be found in one chemi-
cal, they represent the ideal. Certain of them are essential. Every .
agent must combine at least the first five.

It is because of the necessity of meeting these requirements, especi-
ally the first three, that we have so few agents from which to choose.

Obviously, any agent to be useful must be effective in extremely
small concentrations. It is necessary to understand how extremely
small the concentrations of the really powerful chemical agents can
be and still be effective. For example, one of the tear gases has a
pronounced irritant effect at a concentration of eight ten-thousandths
of an ounce (0.0008 ounces) in a thousand cubic feet of air. More
than an ounce of this material can be held in the hand. Suppose an
ounce of it is divided into .10,000 small parts. Then eight of these
parts are put into a box 10 feet high, 10 feet long, 10 feet wide. This
almost infinitely small, quantity of tear gas inside the large box
would cause much discomfort if one were in it for 3 minutes. It can
thus be understood that by small concentrations of chemical agents,
almost infinitesimal quantities are referred to quantities which can
be disseminated in the air with little difficulty.

The most poisonous chemical that exists is valueless in warfare
unless it can be manufactured quickly and in sufficient quantity. The
chemical that is effective, cheap, and .easily manufactured, is of little
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use if protection against it is easily obtained. Consequently, one
quality of the ideal chemical agent is that it must not combine readily
with other substances, so that it cannot be easily destroyed or re-
moved. An unreactive chemical is sought, since the unreactive chemi-
cals are more likely to pass through a gas mask without being
filtered out.

Stability is important. The ideal agent should be stable in storage
and also stable against the shock of explosion. Even if the agent
were otherwise effective, it would not be used if it had a tendency
to break down into its elements after storage for several weeks or
several months, or if it would break down when fired in a shell. Lack
of stability was one of the reasons why the very poisonous hydrogen
cyanide, or hydrocyanic acid, proved to be a poor war gas. It was
unstable in storage and.also unstable to shock. Since the last war,
suitable means have been found of stabilizing this poisonous material.

The chemical selected must not be too corrosive or it will destroy
the container and itself. Several agents, which might otherwise be de-
sirable, have to be used in glass-lined shells or containers because
of their corrosive nature. The use of special linings or special con-
tainers complicates manufacture, is expensive, slows down production.

To be used on the battlefield, a gas must be heavier than air. Gases
lighter than air rise and may have no effect on the man on the ground.
They dissipate too rapidly. The fact that hydrogen cyanide is just a
trifle lighter than air is another reason for its previous failure as a
war gas.

An agent that will affect all parts of the body is far more useful
than one which will^affect only the lungs or the eyes or the skin. That
is one reason why mustard gas is such an extremely valuable war
material. If a man breathes it, he will become a dangerous casualty
through the effects of the gas on his lungs. A very small amount in
the surrounding atmosphere causes a powerful irritation on the eyes
over a period of time. If a gas mask is worn, a man's lungs and eyes
are protected. However, mustard gas is still effective even against a
man wearing the gas mask, since it also affects the skin and causes
serious burns.

Finally, the ideal war gas should be odorless, tasteless, and color-
less. It would thus get in its deadly effect without the victim know-
ing it and making an effort to protect himself. No such toxic gas
exists, with the possible exception of carbon monoxide which has
neither color, odor, nor taste. However, although carbon monoxide
is extremely poisonous, cheap, easily available, and stable; it is lighter
than air and can not be compressed to liquid form. No method has
ever been found that would permit its use in large quantities on the
battlefield as a poison gas. Carbon monoxide, nevertheless, does cause
deaths in battle because some of it is formed in every explosion. When
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a high-explosive bomb or shell bursts in an inclosed space, men who
escape the effects of the blast sometimes die from the effects of the
carbon monoxide produced. This, however, is an incidental effect and
carbon monoxide is not considered as an agent of chemical warfare.

Classification. Chemical agents are classified in various ways, de-
pending upon who is doing the classifying, and in what phase of the
subject the classifier is interested.

To obtain the color marking used on chemical ammunition, the
classification according to tactical use is taken as the basis. The
painting of chemical ammunition is as follows:

The round is painted a blue-grey base color to denote a chemi-
cal filler.

Then the round is marked with a band or bands and stencil, the
color of which is based on the type of agent used as the filler.
Casualty agents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G r e e n
Irritating or harassing agents . . . . . . . . . . . . . . . . . . . . . . . . . . . . R e d
Screening smoke agents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Y e l l o w
Incendiary agents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . P u r p l e

The number of bands on a round depends upon the persistency of
the agent used as a filler. By persistency is meant the time after
dispersal of the agent that it will be effective in the area in which
it was released. Agents which remain effective for over 10 minutes
are termed persistent, while those which remain effective for less
than' 10 minutes are termed nonpersistent. Persistent agents are
marked with two bands and nonpersistent agents are marked with
one band.

According to their physiological effects, chemical agents are classi-
fied as lung irritants, vesicants, lacrimators, irritant smokes (sternu-
tators), screening smokes, and incendiaries.

The lung irritants are those agents which when breathed cause
irritation and inflammation of the bronchial tubes and lungs.

The vesicants are those agents readily absorbed through both the
exterior and the interior parts of the human body, resulting in the
production of inflammation, blisters, and general destruction of tissue.

Lacrimators are those agents which cause a copious flow of tears,
and intense, although temporary, eye pain.

Irritant smokes, also called sternutators, are those agents which
cause sneezing, coughing, lacrimation, headache, followed by nausea
and temporary physical disability.

Screening smokes are those agents which when burned, hydrolyzed,
or atomized, produce a dense obscuring smoke in air.

Incendiaries are those agents which are used primarily for setting
fire to materiel.
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VESICANTS.
Mustard, H, Dichlorelhybulfide, S(CH2CH2)2CI2.
Properties. When pure, mustard is a transparent, amber, oily liquid

of 1.27 specific gravity, which boils with slight decomposition at 433.6
F, yielding a vapor 5.5 times as heavy as air.

Odor. It is almost odorless in ordinary field concentrations and in
strong concentrations resembles horseradish or mustard.

Persistency. Because of its low volatility, mustard gas is very per-
sistent in the field, varying from 1 day in the open and 1 week in the
woods in summer, to several weeks both in the open and in the woods
in winter. Its great persistency is the principal limitation on its use, as
it cannot be used on the tactical offensive where friendly troops have
to traverse or occupy the infected ground. However, by the same
token, mustard is particularly adapted for use in the tactical defen-
sive, to prevent the occupation by hostile troops of ground evacuated
on withdrawal.

Physiological effect. Mustard is classified as a vesicant gas. At first
it acts as a cell irritant, and finally as a cell poison. The first symptoms
of mustard-gas poisoning appear in from 4 to 6 hours, but a latent
period up to 24 hours may occur. The length of the latent period
depends upon the concentration of the gas. The higher the concen-
tration the shorter the interval of time between the exposure to the
gas and the first symptoms arising as a result of mustard-gas poisoning.

The physiological action of mustard gas may be classified as local
and general. The local action results in conjunctivitis or inflammation
of the eyes; erythema of the skin, which may be followed by blistering
or ulceration and inflammatory reaction of the nose, throat, trachea,
and bronchii.

It is of interest that racial susceptibility to toxic action of mustard
gas exists; the Caucasian is more susceptible than the Negro. There is
also an individual susceptibility to the toxic action of mustard gas,
particularly of the skin, and also of the respiratory tract.

Protection. Complete protective clothing plus the gas mask are
required for protection against mustard gas. A discussion of the pro-
tective equipment follows at the end of the discussion of chemical
agents.

First aid. To be effective, treatment must begin within a fevy
minutes after exposure. Immediate prophylaxis is effective only up
to 5 minutes after liquid contamination. It is of little value after ex-
posure to vapor because, in this form, most of the agent has pene- .
trated the skin before the person reports for treatment.
. Contaminated clothing must be removed quickly, using proper pre-
cautions (mask, gas proof gloves, apron, protective ointment) to
protect the attendant. Clothes must be placed in a covered metal con-
tainer until decontaminated.
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Great care must be taken in the removal of mustard from the skin;
otherwise the agent will merely be spread. The steps are as follows:

1. Gently apply dry pads to absorb any mustard remaining on
the skin.

2. Swab the area repeatedly with Protective Ointment M4, wip-
ing the ointment off thoroughly after each application.

3. Scrub the contaminated area with soap and water.
4. Pat the area dry with a towel. Do not rub.
5. Burn or bury the materials contaminated during the procedure.
In the event that Protective Ointment M4 is not available, step 2,

above, may be done with the application of sponges dampened with
kerosene, CARBON TETRACHLORIDE, or alcohol. When follow-
ing this procedure, the sponges should be damp with the solvent; if
dripping wet, they may dissolve the agent and spread it as they run
over the skin.

The eyes should be irrigated with a 2 percent solution of sodium
bicarbonate. The solution should be run directly into the eyes with
a rubber tube from an enema can or similar container. Petrolatum on
the edges of the eyelids will prevent their sticking together.

If it is likely-that mustard has entered the mouth or nose, the
mouth and nasal passages should be rinsed and the throat gargled
repeatedly with 2 percent solution of sodium bicarbonate. The patient
should be kept quiet and warm to guard against bronchitis and
bronchopnedmonia.

If nausea and vomiting indicate that contaminated materials-have
been swallowed, the stomach should be washed out by repeated drink-
ing of warm 2 percent solution of sodium bicarbonate. This will induce
vomiting and wash out the irritant.

After decontamination, all persons with eye, nose, and throat burns,
and with extensive skin burns should be hospitalized. Skin burns must
be treated surgically as any severe extensive burn.

Lewisite, Chlorvinyldichloraraine, CHCICH-AsCI2.
Properties. Lewisite is an oily, colorless to light amber liquid, of

1.88 specific gravity, which boils at 374 F, yielding a dense vapor 7.1
times heavier than air. The freezing point of lewisite is 0 F.

Odor. Its odor faintly resembles that of geraniums.
Persistency. Lewisite is slightly less persistent than mustard. Under

average conditions, in summer, it persists for 24 hours in the open,
and from 2 to 3 days in woods. In winter it may last for a week
or more.

Physiological effect. Physiologically, lewisite acts similarly to mus-
tard gas and in addition is a systemic poison when absorbed into the
body through the skin or lungs. It may, therefore, be classed as
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primarily a vesicant, secondarily a toxic lung injurant, and tertiarily
a systemic poison when absorbed in the tissues. Lewisite is then both
a general and local toxic of great strength. The effects of lewisite are
visible much more quickly than those of mustard.

Protection. Complete protective clothing plus the gas mask are re-
quired for protection against lewisite. A discussion of the protective
equipment follows the discussion of chemical agents.

First aid. Treatment must begin within 1 minute after exposure
to liquid lewisite to be really effective. Contaminated clothing must
be quickly removed with precautions to protect the attendant, and
treatment should be started while the clothing is being removed.

The contaminated areas should be swabbed immediately and re-
peatedly with hydrogen peroxide. Solutions with 10 or even 20 per-
cent available oxygen are best, but are somewhat unstable. The or-
dinary 2 percent solution available in drug stores will suffice. If
hydrogen peroxide is not available, a solution of 10 percent sodium
hydroxide in a 30 percent solution of glycerin in water, alternating
with 70 percent alcohol, is the second choice. The glycerin protects
the skin from the hydroxide. If no glycerin is available, 5 percent
sodium hydroxide in water may be used. Lacking all of these, the
solvents and technique described for liquid mustard must be used..
Following treatment, the skin should be washed with soap and water
and patted dry. All contaminated cloths or sponges must be burned
or buried.

It is important that patients contaminated with lewisite come im-
mediately under medical treatment The doctor must open the blisters
as soon as possible to prevent further absorption of arsenic. In open-
ing the blisters, he must be careful to prevent infection and must
remember that the blister fluid itself is capable of producing burns.

Liquid lewisite in the eyes is an emergency. The eyes must be
rinsed immediately with 2 percent hydrogen peroxide. If that is not
available, they must be irrigated with 2 percent solution of sodium
bicarbonate. Delay may result in blindness.

Ethyldichloraraine, ED, Ethyldichlorarfline, C2HS-A8CI2.
Properties. Ethyldichlorarsine is a clear, somewhat oily liquid of

1.7 specific gravity, which boils at 312 F, yielding a vapor 6.5 times
denser than air.

Odor. It has a stinging odor similar to that of pepper in the nose.
Persistency. Ethyldichlorarsine has a persistency of about 1 hour.
Physiological effect Although ethyldichlorarsine is a fairly power-

ful sternutator and vesicant agent, its primary action on the body is
as a lung injurant. Its first effect in low concentrations is a respiratory
irritant The effect upon the eyes and upper respiratory tract is
evanescent, while that upon the lower respiratory tract leads to mem-
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brqnous tracheitis and pulmonary congestion, edema, and pneumonia.
Arsenic is absorbed rapidly and leads to systemic poisoning, char-
acterized by lowered temperature, toxic symptoms, anesthesia, and
depression. • .

On short exposure (less than 5 minutes), ethyldichlorarsine is not
a particularly efficient irritant for the human skin. On exposure
greater than 5 minutes, however, positive burns appear which increase
in severity with length of exposure. On the basis of rapidity of action,
extent of rubefaction, swelling and edema, and time of healing,
ethyldichlorarsine is about two-thirds as effective as mustard gas, but
for vesication it is only about one-sixth as effective.

Protection. Complete protective clothing plus the gas mask are
required for protection against ethyldichlorarsine. A discussion of the
protective equipment follows at the end of the discussion of chemical
agents.

First Aid. Immediate measures are the same as for lewisite. Nose
irritation may be relieved by inhaling dilute chlorine from a small
amount of bleaching powder in a wide-mouthed bottle or can. Re-
peated drinking of warm 2 percent sodium bicarbonate solution
should be used for vomiting.

LUNG IRRITANTS.
Chlorpicrin, PS, Nitrochloroform, CCI3NO2.
Properties. Chlorpicrin is a colorless, oily liquid of 1.66 specific

gravity, which boils at 231.5 F, giving off a vapor 5.6 times heavier
than air.

Odor. Its odor is rather sweetish in nature resembling that of
fly-paper or anise.

Persistency. Chlorpicrin has a persistency of about 6 hours in the
open and 12 hours in the woods.

Physiological effect. It is a lethal compound w.hich acts primarily
as a lung injurant. In toxicity, it is intermediate between chlorine and
phosgene.

In addition to its lung injurant effects, chlorpicrin is also a strong
lacrimator, and has the additional advantage of being capable of
penetrating gas mask canisters that are resistant to ordinary acid
gases, such as chlorine and phosgene. The injurious effects of chlor-
picrin also extend to the stomach and intestines, causing nausea,
vomiting, colic, and diarrhea. These conditions are difficult to combat
in the field and often persist for weeks so that even slight cases of
chlorpicrin gassing frequently involves large casualty losses.

Protection. The service gas mask will provide adequate protection
against this type of chemical agent.
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Pint aid. Absolute rest and warmth are essential. The patient
should be removed immediately to a pure atmosphere and made to
lie down, kept at absolute rest, and kept warm with blankets. A
person affected by lung irritants should always be moved on a litter
or stretcher. He must never be allowed to walk. A light stimulant
or hot coffee may be given. A glass of milk or cream, if available,
will give marked relief from pharyngeal irritation, and the patient
should be hospitalized. In cases of splashes of liquid on the skin,
it should be washed off at once with alcoholic sodium sulphite, in
order to prevent ulcerations. Skin scratches and abrasions exposed to
chlorpicrin fumes or liquid develop a high degree of inflammation
and Easily become infected. . •

Diphosgene, DP, Trlchlormelhyl-chloroformale, CICOOC-CI3.
Properties. Diphosgene is an oily liquid of specific gravity 1.65. It

boils at 260.6 F, giving a dense whitish vapor 6.9 times heavier than
air.

Odor. It has an acrid odor which strongly resembles that of musty
hay, green corn, or ensilage.

Persistency. Diphosgene has a relatively short persistency of about
30 minutes on open ground.

Physiological effect. The toxicity of diphosgene is about the same
as that of phosgene. In fact, it is probable that the toxicity of diphos-
gene is not a specific property of that compound, but is derived from
the phosgene molecules into which it decomposes in the tissues of
the body.

Diphosgene is somewhat lacrimatory and thus causes watering of
the eyes, as well as coughing, and occasional vomiting.

Protection. The service1 gas mask will provide adequate protection
against this type of chemical agent.

First aid. The first aid for this type of chemical agent is the same
as that given for chlorpicrin above.

Phosgene, CG, Carbonyl Chloride, COCI2.
Properties. At ordinary temperatures and pressure, phosgene is a

colorless gas which condenses at 46.7 F, to a colorless liquid of 1.38
specific gravity. Above 46.7 F, phosgene immediately evaporates, al-
though at a slower rate than chlorine, and gives off a transparent
vapor, 3.5 times heavier than air.

Odor. It has an odor which strongly resembles that of musty hay,
green corn, or ensilage.

Persistency. Because phosgene is a gas it is nonpersistent, remaining
in the open for up to 10 minutes. It will, however, remain in low
protected areas for as long as 30 minutes.
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Physiological effect. The toxicity of phosgene is over 10 times that
of chlorine. In high concentrations, which are often met in battle,
one or two breaths may be fatal in a few hours. Phosgene appears
to exert its physiological and toxic effects chiefly through the medium
of its hydrolysis products, hydrochloric acid, and carbon dioxide. Its
effects upon the upper air passages of the body, where moisture is
relatively small, is therefore comparatively slight. With prolonged
breathing, however, sufficient phosgene is decomposed in the bronchi
and trachea to produce marked inflammation and corrosion. These
effects reach their maximum in the alveoli where the air is saturated
with water.

Unlike chlorine, phosgene produces but slight irritation of the
sensory nerves in the upper air passages, so the men exposed to this
gas are likely to inhale it more deeply than they would to equivalent
concentrations of chlorine or other directly irritant vapors. For this
reason, phosgene is very insidious in its action and men gassed with it
often have little or no warning symptoms until too late to avoid
serious poisoning.

. Protection. The service gas mask will provide adequate protection
against this type of chemical agent.

First aid. The first aid for this type of chemical agent is the same
as that given for chlorpicrin above.

Chlorine, Cl, Chlorine, CI2.
Properties. At ordinary temperatures and pressures, chlorine is a

greenish-yellow volatile gas. It is readily liquefied by moderate pres-
sure at ordinary temperatures. When liquid, it has a specific gravity
of 1.46 and when a gas it is 2.5 times heavier than air.

Odor. Chlorine has a highly pungent odor.
Persistency. Chlorine is a gas, and as such is nonpersistent. It re-

mains at the point of dispersal for a short length of time, up to
10 minutes.

Physiological effect. Chlorine has a very irritating effect upon the
membranes of the upper air passages. It causes violent coughing
immediately if small amounts are breathed. It can also be lethal on
continued exposure to the agent.

Protection. The service gas mask will provide adequate protection
against this type of chemical agent.

First aid. The first aid for this type of chemical agent is the same
as that given for chlorpicrin above.

LACRIMATORS.
Chloracelophenone, CIV, Chloracetophenone, C6H5CO-CH2CI.
Properties. When pure, chloracetophenone consists of colorless crys-
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tals, of 1.3 specific gravity, which melt at 138 F, and boil at 476 F,
yielding a vapor which is 5.2 times as heavy as air.

Odor. The odor of apple blossoms is characteristic of both the solid
and the vapor. ' •

Persistency. In the solid form, chloracetophenone is very persis-
tent. However, in the vapor form, as usually released, it has a per-
sistency of about 10 minutes. For this reason, it is classed as non-
persistent.

Physiological effect. Chloracetophenone, being a lacrimator, has the
effect of producing a copious flow of tears when breathed. In addition
to its lacrimatory effect, chloracetophenone is a decided irritant to
the upper respiratory passages. In higher concentrations, it is irritating
to the skin, producing a burning and itching sensation especially on
the moist parts of the body.

Protection. The service gas mask will provide adequate protection
against this type of chemical agent.

First aid. The individual should be removed from the contaminated
air and face the wind with the eyes open. If irritation is marked,
the eyes may be irrigated with boric acid or a 2 percent solution of
sodium bicarbonate. The eyes must not be rubbed or bandaged.

Skin irritation may be treated by sponging with a solution of
4 percent sodium sulfite in 50 percent alcohol. AH symptoms usually
disappear within 1 hour.

Brombenzylcyanide, BBC, Brombenzylcyanide, C6H5CH.BrCN.
Properties. Brombenzylcyanide is a yellow-white crystalline solid

which melts at 77 F into a brownish oily liquid of 1.47 specific
gravity, and boils at 437 F, giving'off a vapor which is 6.6 times
as heavy as air.

Odor. This substance has an odor similar to that of soured fruit
Persistency. Its persistency in the open is 3 days; in woods, 7 days;

and in the ground, from 15 to 30 days.
Physiological effect. Brombenzylcyanide produces a burning sen-

sation of the mucous membranes and severe irritation and lacrima-
tion of the eyes with acute pain in the forehead.

Protection. The service gas mask is adequate protection against
this type of chemical agent

First aid. The first aid for this agent is the same as that given for
chloracetophenone above.

STERNUTATORS (IRRITANT SMOKES).
Adatmite, DM, Diphenylaminechlorarsine, (C6H4)2-NH-AsCI.
Properties. The impure commercial product used in chemical war-

fare is a dark brownish-green crystalline mass which partially liquefies
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at 320 F, but the major portion does not melt until a temperature
of 374 F is reached. It has practically no vapor pressure or vapor
density, as it distills into the air in the form of minute solid particles.

Odor. Adamsite has an odor which closely resembles that of coal
smoke.

Persistency. The persistency of adamsite averages about 5 minutes
in the open both in summer and in winter.

Physiological effect. It strongly irritates the eyes and mucous mem-
branes of the nose and throat and causes violent sneezing and cough-
ing. It then produces severe headaches, acute pains and tightness in
the chest, and finally nausea and vomiting. The effects last for about
3 hours.

Protection. The service gas mask will provide adequate protection
against this type of chemical agent

First aid. Remove to pure air. Let the patient inhale dilute chlorine
from a small amount of bleaching powder in a wide-mouthed bottle
or can. Headache may be controlled with 10 to 15 grains of aspirin.
There are no after effects and the person recovers within a few hours.

Severely exposed persons must be watched for suicidal tendencies.
Continue to reassure them that their symptoms will be of brief
duration and are not dangerous.

Diphenylchlorarsine, PD, Diphenylchlorarsine, (C8H5)2-AsCl.
Properties. Diphenylchlorarsine is a white crystalline solid, of 1.4

specific gravity, which melts at 113 F. It boils with decomposition at
720 F. It has practically no vapor pressure or vapor density as it dis-
tills into the air in the form of minute solid particles.

Odor. The characteristic odor of diphenylchlorarsine is comparable
to that of shoe polish.

Persistency. The persistency of diphenylchlorarsine is about 5
minutes in either summer or winter.

Physiological effect. The irritation begins in the nose, as a tickling
sensation, followed by sneezing, with a flow f>f viscous mucus, similar
to .that which accompanies a bad cold. The irritation then spreads down
into the throat and coughing and choking set in until finally the air
passages and the lungs are also affected. Headache, especially in the
forehead, increases in intensity until it becomes almost unbearable,
and there is a feeling of pressure in the ears and pains in the jaws
and teeth. These symptoms are accompanied by an oppressive pain
in the chest, shortness of breath, and nausea which soon causes retch-
ing and vomiting. The victim has an unsteady gait, a feeling of
vertigo, weakness in the legs, and a trembling all over the body.

Protection. The service gas mask.will provide adequate protection
against this type of chemical agent •

173



TM 9-1904

AMMUNITION INSPECTION GUIDE

First aid. The first aid for diphenylchlorarsine is the same as that
for adamsite given above.

SCREENING SMOKES.
HC Mixture, HC, Hexaclilorethane-zinc, Zn+G>Cla.
Properties. HC mixture is a combination of zinc dust, hexachlore-

thane, ammonium perchlorate, and ammonium chloride. When this
material is burned, it yields zinc chloride which passes into the air
in the form of a grayish-white smoke.

Odor. The odor of the smoke is rather acrid in nature.
Persistency. As the smoke is formed^only as long as the particular

round is burning, the persistency of the smoke will continue only as
long as the burning continues.

Physiological effect. The zinc chloride smoke which is formed is
harmless to personnel. Its use being to screen off operations from
the enemy.

Protection. As the smoke has no harmful effects there is no pro-
tection required against this agent.

First aid. No first aid is needed as far as the smoke is concerned.
If burns are produced from the burning agent, they should be treated
as for any other burn.

Sulfur Trioxide in Chloraulfonic Acid, FS, SO3-SOaHCI.
Properties. This mixture is a liquid of 1.91 specific gravity, which

freeezes at —22 F. On contact with the air, it fumes vigorously and
throws off dense white clouds composed of minute droplets of sul-
furous, sulfuric, and hydrochloric acids.

Odor. The odor of this mixture is similar to that of burning matches.
Persistency. The persistency of this agent varies from 5 to 10

minutes..
Physiological effect. Although the smoke is harmless, it irritates the

skin and throat. Spray in the eyes may cause serious burns.
Protection. Because of the irritation to the nose and throat, and the

burns to the eyes, a gas mask is needed to prevent such action.
First aid. This consists of washing with large quantities of water.

In the eyes, this should be followed by irrigation with a 2 percent
solution of sodium bicarbonate.

Titanium Telrachloride, FM, Titanium Tetrachloride, TiCI4.
Properties. Titanium tetrachloride is a colorless, highly refractive

liquid, of 1.7 specific gravity, which boils at 277 F and solidifies into
white crystals at -9 F. It reacts vigorously with the moisture in th«
air, forming titanic acid hydrate and hydrochloric acid, with the
evolution of dense white clouds of acrid smoke.
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Odor. The smoke has an acrid odor.
Persistency. The persistency of this agent is approximately 10

minutes.
Physiological effect. On account of its hydrochloric acid content,

titanium tetrachloride is acrid, but in ordinary field conditions it is
not sufficiently irritating to the respiratory system as to cause cough-
ing or other unpleasant physiological effects. The liquid may cause
slight irritation to the skin due to its acidic nature.

Protection. No protection is needed against this agent.
First aid. The first aid for this agent is the same as that given for

FS above.
White Phosphorus, WP, Yellow Phosphorus, P.
Properties. White phosphorus is a waxy solid, of 1.8 specific gravity,

which melts at 111 F, and boils at 549 F. It is chemically very active
and combines readily with oxygen in the air. Upon oxidation, the
phosphorus becomes luminous and in a few minutes bursts into vigor-
ous flames that can only be quenched by complete submersion in
water.

Odor. The odor of phosphorus is similar to that of burning matches.
Persistency. The persistency of white phosphorus is about 10

minutes.
Physiological effect. While the vapors of white phosphorus are ex-

ceedingly toxic, these vapors are so quickly oxidized to phosphorus
pentoxide and phosphoric acid as to be harmless to men and animals
in ordinary field conditions.

In addition to its smoke value, phosphorus is of tactical importance
because of its burning effect upon both personnel and material. In
contact with the body, phosphorus produces burns that are slow and
difficult to heal; the firing of phosphorus against personnel has a
physiological value that greatly increases its tactical effectiveness.
Against material, however, the incendiary effect of phosphorus is
limited, as it only ignites readily combustible materials, so that here
it is inferior to thermite and other primarily incendiary materials.

Protection. No protection is required against the smoke derived
from white phosphorus. No satisfactory material has been found which
will give protection against the burning particles of the material and
still afford freedom of movement and comfort to the wearer under
working conditions.

First aid. Keep the burn wet with water or wet cloths. This will
stop the phosphorus from burning. Then apply large amounts of
copper sulphate solution. Continue this treatment for three minutes.
Remove the phosphorus particles (copper plated) by washing, or
with forceps and treat the injury like an ordinary burn.
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INCENDIARIES.
Thermite, TH, thermite, 2Al-3FeO.
Properties. Thermite is an intimate mixture of iron oxide and finely

powdered aluminum. It is in the form of a dark-gray granular mass.
When ignited, it burns with great rapidity and the evolution of
extreme heat, the iron oxide being reduced to boiling molten iron.

Odor. This material is odorless.
Persistency, The average thermite has a persistency of about

5 minutes.
Physiological effect. There is no physiological effect derived from

thermite other than that of burns from the hot metal. If any of this
material gets on skin or clothing, it will cause severe burns.

Protection. No protection is needed for personnel other than that
of cover from the burning particles.

First aid. Burns received from the hot metal may be treated the
same as ordinary burns.

PROTECTIVE EQUIPMENT.
Protective Clothing. Protective clothing is designed to protect the

body against vesicant agents. There are two requirements which
govern the kind of protective clothing needed. One requirement is to
provide protection for certain personnel engaged in filling operations
who might encounter large pools of the liquid or be subjected to
sprays of the agent from broken pipes and vessels in case of accidents.
The other is to provide protection for personnel required to handle
contaminated equipment, engage in decontamination operations, or be
protected from vapor or from airplane spray attacks. In the first
consideration, a complete impermeable suit is required. It is not
recommended for any use except in potentially dangerous situations
where liquid mustard gas or lewisite in large quantities may likely
be encountered. In the second situation, permeable protective cloth-
ing provides ample protection for all cases where vapor, absorbed
mustard gas, or light spray of liquid gas is encountered.

Impermeable clothing. Impermeable suits are made of coated mate-
rials which will not allow liquid vesicants or vapors to pass through
them. Since there is no circulation of air, the wearer perspires exces-
sively and can wear this covering for only a relatively short time
because of exhaustion. There is no satisfactory method of neutralizing
liquid mustard gas on the garment, and accordingly it must be de-
stroyed when excessively contaminated. A suit of impermeable cloth-
ing consists of a 1-piece working garment made of impermeable
material with an attached hood of the same material. Under this suit,
protective permeable underclothing and socks are worn. The foot
covering consists of treated shoes over which the legs of the imperme-
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able suit are buckled tightly. Boots of a type of rubber highly resistant
to mustard gas or lewisite penetration can be substituted for the
shoes, provided the trousers are pulled on over'the boot leg. Highly
resistant rubber gloves and a gas mask are likewise worn.

Permeable clothing. The permeable type of clothing consists of
garments treated in such a manner that they afford reasonably safe
protection against vesicant chemical agents in the form of vapor and
small drops. The ordinary field uniform can be treated to provide
considerable protection, yet permit much comfort and serviceability.
However, specially designed garments add greater protection because
of the necessity of covering completely all parts of the skin. Each suit
includes one pair of socks, one pair of gloves, one pair of drawers,
one undershirt, one hood and one 1-piece protective suit (coveralls).
For protection of the feet, the wearer treats his footgear with im-
pregnite issued for that purpose. It is sometimes advisable to include
a nontreated set of underwear with the above treated outfit because
of the allergy of some skins to the treated clothing. Protection of the
hands is afforded by the chemically treated cotton gloves which may
be supplemented by outer chemically resistant rubber gloves. For
protection of the face, eyes, and lungs, a mask must also be worn.

Gas mask. The gas mask protects the wearer's eyes and respiratory
tract from the chemical agents.

The principle of operation of the gas mask is based oh air filtration.
Air is drawn into the mask when the individual inhales, the mask
being so constructed that the air must pass first through a canister
containing a filtration system. This comprises a mechanical filter to
prevent the entrance of smoke or dust, and a filter of charcoal and
soda lime to absorb and neutralize toxic and irritating gases and
vapors. After being purified, the air is drawn into the face piece, and
after being inhaled and exhaled is expelled from the mask through
an outlet valve. Gas masks, as issued, will give full protection against
lung irritants, irritant smokes, and lacrimators in concentrations likely
to be encountered. They will not protect against gases encountered
in industry such as carbon monoxide -and ammonia gas.

The service gas mask is the one that is commonly issued for the
use of inspectors in the field. This type of mask will afford protection
against all agents likely to be encountered under field conditions.

. A tube of antidim compound is included in the carrier, and if applied
in a very thin film to both sides of the eyepiece, will assist in prevent-
ing fogging of moisture in the mask and from rain. The canister is
carried in a carrier under the left arm and is connected to the face
piece by a noncollapsible rubber hose. It must be remembered that,
to be of any use, the gas mask must be correctly adjusted to the
wearer. Any leaks around the face piece will prevent the mask from
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performing its proper function of preventing the entrance of the
agent into the nasal passages.
FURTHER REFERENCES: O.O. 7224, Ordnance Safety Manual;
FM 21-40, Defense Against Chemical Attack; Pamphlet No. 2, Chemi-
cal Warfare School, Edgewood Arsenal, Md.; Protection Against Gas,
U.S. O.C.D., Washington, D. C; Chemicals in War, Prentiss; Gas
Warfare, Waitt. .
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SECTION V.
SMALL ARMS AND TRENCH WARFARE

Chapter 1
Small-arms Ammunition

GENERAL.
Small arms refers to those weapons normally accompanying foot

troops (infantry). They include rifles, automatic rifles, pistols, and
machine guns up to cal. .60 (0.60 inches diameter of bore) and also
shotguns. Small-arms ammunition is defined as "amunition fired in
weapons whose bore is 0.60 inches or less in diameter." In ordnance,
small-arms ammunition is restricted to mean ammunition for those
small arms used in military service. These are:

1. Cal. .50 machine guns.
2. Cal. 30 carbines, rifles, semiautomatic rifles, automatic rifles,

and machine guns.
3. Cal. .22 pistols, rifles, and machine guns (for gallery practice).
4. Shotguns of 12-gage.
5. Cal. .45 automatic pistols, revolvers, and submachine guns.
6. Subcaliber tubes and adapters for artillery weapons which use

ammunition of similar size and type.
Caliber and Gage. The caliber of a weapon is the diameter of

the bore of the weapon between opposite lands, and in the instance
of small arms, is expressed in inches unless millimeters afe specifically
mentioned. For example, cal. 30, means that the diameter of the .
bore of the weapon is 0.30 inches.
. The gage of a shotgun refers to the number of lead balls of the
diameter of the bore required to weigh 1 pound. For example, the
'diameter of the bore of a 12-gage shotgun is 0.785 inches, and it
takes 12 lead balls of this diameter to weigh 1 pound.

Classification. Dependent on its purpose, small-arms ammunition
is classified as follows: • ,

Ball. This type is effective against personnel or light materiel
targets. »

Armor-piercing. This type has a bullet containing a hardened steel
core. It is intended for use against armored aircraft and vehicles, con-
crete shelters, and other bullet resisting targets.

Tracer. This type has a bullet containing a chemical composition
which burns in flight It is used for observation of fire, for incendiary
purposes, and for signaling.

Incendiary. This type has a bullet containing a chemical composi-
tion. It is used to start fires.

Blank. This type contains no bullet. It is used for simulated fire,
for signaling, and for salutes.
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SECTION VII.
BOMBS FOR AIRCRAFT

Chapter 1
Introduction

DEVELOPMENT.
Improvised Bombs. The development of bombs depends on the

previous development of aircraft. In the early part of the eighteenth
century, long before man thought of using bombs, he perceived the
playful idea of sending gaily colored bags of paper, buoyed up by hot
air, into the sky. The military significance of this idea was not realized
until 1794 in the battle of Maubeuge. The Austria ns were surprised
to see, hovering above the French lines, huge paper bags having two'
baskets. One basket contained hot coal or charcoal to emit hot gases
so as to keep the balloon aloft. In the other basket sat an observer to
keep watch on all of the Austrian movements far beyond the range
of vision of the average man.

In 1849 in a battle between the Austrians and Venetians, the Aus-
trians found that the range of their batteries was too short to reach
the city of Venice. When the wind was in the proper direction, blow-
ing toward the city of Venice, the Austrians attached small bombs
with time fuzes to paper balloons. The balloons were capable of lift-
ing the bombs to altitudes of 30 feet, and drifted into the city. When
well inside the city, the time fuzes exploded the bombs. Some bombs
exploded in the canals of Venice. The material and physical damage
which resulted was slight; however, the psychological effects were
great.

In 1899, at the Hague Conference, an agreement was reached to
prohibit the throwing of projectiles from balloons. In 1903, the Wright
brothers invented the airplane. In 1907, the restrictions of the Hague
Conference were removed.

By 1910, military authorities of all the major powers had begun
experimenting with airplanes. The plane was regarded, however, as a
more efficient means for gaining information in the field, and not so
important for dropping explosives in enemy territory. The earliest
recorded use of bombs dropped from planes was made in 1911 by
the Italians in Tripoli. The Italians desired to drive the Arabs and
Berbers from the strategic harbor of Tripoli. These early bombs were
makeshift equipment dropped by hand over the side of a plane.

During the first few weeks of World War I, planes were used for
observation purposes only. These planes had no guns nor bomb sights.
It was customary during these few weeks for hostile aviators meeting
over the lines to salute each other and then proceed to their respec-
tive missions. At the end of the first 3 months, however, all belliger-
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ents had organized squadrons to drop bombs. These bombs were
crude artillery shells, such as 3-inch and 75-mm, equipped with fins
and fuze. The planes had no sighting apparatus and no bomb racks.

, Bombers operated as free lancers, and accuracy depended on luck
„ and judgment. A bomb which struck about Vi mile from its target

was considered fair aim. -
' By the end of World War I, bomb squadrons were of great im-

portance, due to the vast improvement in planes, including speed, load
capacity, bomb sights, and bomb racks. Also, there was a great im-
provement in bombs. Special purpose bombs such as incendiary,
demolition, and fragmentation appeared. The size of the demolition
bomb increased. During the war, the United States government man-
ufactured large quantities of bombs. However, the United States
forces in France were limited to bombs of British and French design.
No bombs of American manufacture reached the front in time.
Demolition bombs used at that time were 45-pound, 122-pound, and
230-pound. The fragmentation bombs used was the 25-pound British
Cooper bomb.

Demolition Bombs. The demolition bomb as known today was
developed during World War I. The demolition' bomb as its
name signifies was designed to produce a demolishing effect by pro-
ducing a blast and mining result. It, therefore, carried the greatest
percentage of filler possible.

The first demolition bombs made by the United States were the
Mk. I series. These followed the streamlined tear-drop design of the
French demolition bombs, and were manufactured in 25-, 50- and
100-pound sizes. None of these bombs saw service in World War.I.
The construction consisted of welding separate steel sections to-
gether by means of circumferential and longitudinal welds. The
bombs contained approximately 50-percent explosive filler. The fins

. were known as conical type fins. The fins were four in number, and
extended over the rear one-third of the case. They were made from
light sheet steel. The rear tip was welded to a cone which covered the
fuze and completed the streamline contour of the case. The front tips
were held to the bomb case by screws threaded into lugs which were
welded on the case. A tail fuze of the arming pin type was employed.
These bombs had many disadvantages, several of which can be listed .
as follows:

The body welds'provided weak spots where the case might split
open upon impact before proper penetration and detonation could
be obtained. '

The fins were not stable enough to produce satisfactory flight.
The fins had to be removed to fuze the bomb.
The. fuze was armed immediately after withdrawal of the arming

wire, and therefore could function while still in the bomb bay of
the plane. • .
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The small nose opening did not lend itself well to rapid and eco-
nomical filling with explosive filler.

The method of manufacture of the bomb cases was long and costly.
In an attempt to remedy the faults of the Mk. I Bombs, a series

of modifications and new bombs were developed. Some of the modi-
fications included the elimination of the 25- and 50-pound bombs be-
cause they were too small for effective blast. Larger size bombs such
as the 300-, 600-, 1,100-, and 2,000-pound demolition bombs were in-
troduced. Nose and tail fuzes were included to decrease the chance
of duds, and the fin assembly although still conical was made much
more stable and permitted the tail fuze to be assembled without be-
ing removed. These modifications took place over a period of years,
and later, some of the smaller weight demolition bombs had the tail
assembly changed from conical to box type. All had a new nose fuze
and tail fuze with appropriate adapter boosters included where nec-
essary in a modernization program so as to incorporate some of. the
advantages in these bombs which the new M-series bombs at that
time included. These bombs were known as the Mk. IMI, Mk. IMII,
Mk.IMIII, Mk.IMIV, Mk.IMV, Mk.III, and Mk.IIIMI. The modi-
fication depended on the weight of the bombs. For example, the MI
modification in the 100-pound bomb did not correspond to the
MI modification in the 2,000-pound bomb.

A Mk. II series of bombs was later designed and tested at Aberdeen
Proving Ground. This was known as a thick case bomb. These bombs
were similar in construction to the 100-pound Mk.IMI Bomb in
every respect, except that the cases were made of extremely heavy
material, very much like our semiarmor-piercing bombs of today.
The case was designed heavy enough to withstand proper penetra-
tion of any target so as to determine whether the use of flying frag-
ments or blast had the greater effect. As a result of the test, this series
was never standardized, for it was found that extremely heavy cases
were not needed to withstand impact. Blast effect was found to be
the significant factor in demolition bombs.

Later still, a Mk. Ill-series of bombs known as a thin case bomb
was developed. Again the shape and construction was similar to the
100-pound Mk. IMI Bombs. The filler percentage was increased, how-
ever, to 55 percent. This series of bombs was found to be satis-
factory, and was included in the modernization program previously
mentioned.

The forerunner of the M-series was the 2,000-pound Mk. I Bomb.
About 1921, when the demolition bombs were undergoing develop-
ment, it was decided that experiments with larger bombs were neces-
sary. The result was the design and manufacture of test bombs 2,000-,
3,000-, and 4,000-pound bombs. The tests, as conducted, showed that
the effects of 2,000- and 3,000-pound bombs were not sufficiently
different to warrant the additional weight. As for the 4,000-pound
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bomb; it was decided at that time that the destructive forces of the
4,000-pound bomb were too great for any man-made target, and a
plane carrying two 2,000-pound bombs had twice as great a chance
of hitting the target. The 4,000-pound bomb was, therefore, discarded.
The final result was the 2,000-pound Mk. I Demolition Bomb.

The design of this bomb was revolutionary in so far as the shape
of body and fin assembly were concerned. The 2,000-pound bomb
was cylindrical in shape and allowed in later manufacture a 1-piece
construction with no welding, casting, or other difficult procedure of
manufacture. The fin was box shape in construction. This "shape of
bomb case and fin assembly, and the construction of bomb body
was the forerunner of the M-series of demolition bombs and AN-M
series of GP bombs.

TYPES OF BOMBS AND FILLERS.
Demolition. This group is composed of the following:

G.P. (general purpose). .Filled with Amatol, TNT, or composition B
L.C (light case b o m b s ) . . . . . . . . . . . . . . . . . . . . . . F i l l e d with amatol
S.A.P. (semiarmor-piercing) . . . . . . . . . . . . . . . . . . F i l l e d with amatol
A.P. (armor-p ierc ing) . : . . . . . . . . . . . . . . . . .Filled with explosive D
D.B. (depth b o m b ) . . . . . . . . . . . . . . . . . . . Filled with torpex or TNT

Fragmentation. Filled with TNT.
Chemical (Including Incendiary). Filled with HS, WP, or incen-

diary composition.
Practice.
Demolition. Filled with sand and black powder spotting charge.
Fragmentation. Filled with black powder spotting charge or

pyrotechnic composition.
Drill and Cage. Inert or no filler.

PAINTING AND STENCILING. , .
General. Bombs are painted for prevention of rust, as a means

for identification, and for camouflage. All bombs, except chemical, are
painted olive drab, lusterless, base color, with black stencil for
camouflage purposes.

Demolition. For identification purposes, GP, LC, AP, and depth
bombs have three yellow bands to indicate high-explosive filler. One
band, 1 inch wide, is located at each end of the bomb body, and one,
one-fourth inch wide, is at the' center of gravity.
. Fragmentation. Fragmentation bombs have nose and tail caps
painted yellow to indicate high-explosive filler.

Practice. Practice bombs, simulating GP bombs, have three blue
bands instead of the yellow bands, whereas practice bombs, simulat-
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ing fragmentation bombs, have the ends painted blue instead of yel-
low to indicate practice -bomb filler. All practice bombs except the
100-pound M38A2 have "EMPTY" stenciled longitudinally in at
least four places. When the spotting charge is added "EMPTY" is
painted out. The 100-pound M38A2 is shipped separately from the
spotting charge which is always added in the field. When practice
bombs, which contain no spotting charge, are intended to be dropped
in training, the fins and rear portions will be painted black.

Drill: Drill bombs have three black bands in glace of yellow to
indicate'inert filler.

Chemical. Chemical bombs are painted with the same color
scheme as other chemical ammunition. The base color of chemical
bombs is blue gray with bands and stencil color to indicate type of
filler and persistency of filler.

Marking. The following information is stenciled on the bomb
body: • .

Jf. Type, "G.P," "AP," "SAP," "DEPTH," "FRAG.," "CHEM," or
"PRACTICE" whichever applies.

2. Weight and mark or model ol bomb. For example, 100-pound,
AN-M30.

3. Kind of filler (it filfed). -Example, "TNT," "AM 50-50," «CN
GAS," "WP SMOKE," etc.

4. The word "EMPTY" is stenciled on unloaded bombs containing
no explosive. At the time of loading, "EMPTY" is painted out with
paint of the same color as that on the bomb body. The exception to
this statement is the 100-pound M38A2, as previously explained.

5. Lot number of loaded bomb.
6*. Initials of loading plant, and date loaded. .

PACKING AND SHIPPING.
For the purpose of packing and shipping in general, bombs can be

divided into three weights: under 100 pounds, 100 pounds, and over
100 pounds.

Bombs under 100 pounds in weight including fragmentation, chem-
ical (incendiary) and practice fragmentation bombs are usually
packed and shipped in clusters completely assembled, one cluster per
metal-lined wooden box. The number of bombs In the cluster depends
on the shape and size of the bombs and the size of cluster.

GP bombs weighing 100 pounds are packed and shipped in metal
crates with fin attached and nose and tail shipping plugs threaded
into the bomb body so as to close the nose and tail openings. Chem-
ical bombs weighing 100 pounds are packed unfuzed, without burster,
in wooden bdxes.
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Figure 223

COTTER PIN

Paper Shipping Band

LUG LOCK
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Bombs weighing over 100 pounds such as GP, AP, SAP, LC, and
depth bombs are packed in two parts. One part consists of the bomb
body with shipping plugs to protect the nose and tail openings, if
such are present. Shipping bands are channeled to fit over the suspen-
sion lugs around the circumference of the bomb. These bombs are
provided with slots to attach slings, hooks, or any other means' of
handling. The shipping band protects the suspension lugs from dam-
age an'd provides tracks for rolling the bomb on hard surfaces. Ship-
ping bands are made of metal or, more recently, of layers of paper
glued together.
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Figure 224 — Paper Shipping Band Shewing Lug Cavity
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The second unit of the packing of bombs over 100 pounds is the
fin assembly which is packed in a metal crate. Metal is used for all
AN bombs because Navy regulations will not permit wood aboard
ships. The nose and tail fuze assembly and arming wire assembly
will be shipped separately in bulk.

Components of unassembled rounds are never assembled until
ready for use and when assembled, fuzes are threaded in handtight,
never with the use of tools. . . '
ARMING WIRE.

An arming wire is usually used with each complete round of bomb
to provide a means whereby the fuzes are restrained from arming
until such time as the bomb is released. At release, retention of the
arming wire in the release mechanism of the plane arms the fuzes,

, while release of the arming wire with the bomb permits it to be
dropped safe in friendly territory if the necessity arises.

Standard arming wire is of hard-drawn brass wire provided in
either of two diameters, 0.036 and 0.064 inch, dependent upon the
model of the bomb. To facilitate use, a swivel loop is attached at one
end, or near the middle of the arming wire, dependent upon whether
the bomb is fitted with one or two fuzes. A safety clip (phosphor
bronze Fahnestock connector No. 3) is required for each type of arm-
ing vane type fuze. To aid in installing the smaller bombs in vertical
bomb racks, if used, a serrated wire paper clip is furnished. At present,
the tendency is to issue the arming wire, swivel loops, safety clips,
and serrated wire paper clips unassembled in bulk. Standard arming

, wire assemblies have been found to be too short in some cases when
• • alternate fuzes are used in bombs. Components in bulk consist of a

40-pound coil (approx. 3,300 ft) of 0.064-inch arming wire, 100
swivel loops, 100 Fahnestock connectors, and arming wire ferrules as
required. The ferrules are included to aid in attaching swivel loops.

When assembled to the fuze, the protruding end 'of the arming
wire should be adjusted to a length of approximately 2Vi inches be-
yond the fuze; not less than 2 inches, nor more than 3 inches.

Arming wire assemblies are classified as type A and type B. Type
A has the swivel loop at the end of the arming wire, whereas type B
has the swivel loop situated near the middle. Type A will usually be

' found with bombs equipped with one fuze (an exception is the trans-
verse hydrostatic fuze). Type B will usually be used with bombs
equipped with two fuzes. Type A is supplied in sufficient length to
provide for any method of suspension and therefore it may be neces-
sary to cut off the excess length when certain methods of suspension
are used. • . "
FUZES.

General. Current designs of cylindrical GP and demolition bombs
of the "AN" and M-series are equipped with both nose and tail fuzes.
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Two fuzes are used, because it was found that 3 to 5 percent of
fuzes fail to function and therefore 3 to 5 percent of the bombs would
fall as duds. Two fuzes reduced the duds to 0.2 percent. Therefore,
although two fuzes are not necessary for comnUf- rf<«f«oo««« ~* •*"•• ft*.'
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bomb, the extra fuze is an insurance that the bomb will function if
one fuze fails.

The nose fuze is so designed that the primer, detonator, and boos-
ter are integral parts of the fuze. In the tail fuze, the primer detona-
tor is a separable component, while the booster is assembled to the
bomb at the time of manufacture in the form of an adapter booster.
Most of the fuzes of earlier design were mechanical firing mechanisms

• containing no explosives.
An arming wire threaded through an eyelet in the arming pin, the

vane strap, or the arming vane prevents initiation of the fuze action
until such time as the arming wire is withdrawn.

Fragmentation and chemical bombs (excluding incendiary) are
equipped with a nose fuze only. Practice bombs are equipped with a
nose or tail fuze depending on the bomb.

SAP and AP bombs are designed for tail fuzes only, although SAP
may also receive a nose fuze if so desired.

Depth bombs are provided with fuzes that run diametrically
through the body or with nose or tail fuzes, depending on the target
against which the bomb is used and on the size of the bomb.

Method of Arming. Fuzes are classified according to the method
of arming in the following manner:

Arming vane type. This type is armed by means of two or more
bladed vanes or propellers which begin revolving when the bomb
is released from the plane. The vane is threaded directly to a striker.
When the vane has' revolved the same number of times as there are
threads on the striker, the vane assembly falls free, arming the
striker. This type of fuze arms immediately when it is dropped from
the plane. It may be used for low-altitude demolition bombing. If it .
is used, a long delay in action is incorporated in tfie fuze, allowing
the plane to escape after bomb impact, and also protecting the plane
and pilot in case the bomb fuze should accidently strike another bomb
or the plane fuselage affer it has armed.

Arming vane type with mechanical delay. In this type, the vane
is not directly threaded to the striker, but is meshed with reduction
gears which control the freedom of the striker. The vane must make
several hundred revolutions before the fuze is armed. This type of
fuze provides a delay in arming and is used with bombs carrying
high-explosive fillers, to prevent the fuze from accidently functioning
near the plane if it should strike another bomb or the plane fuselage.

Arming pin type. This type is armed when the arming wire is with-
drawn from the arming pin which holds the striker in place. This type
of fuze arms immediately, and if used on bombs containing a high-
explosive filler, it will be found to have a long delay on impact as .
previously explained.
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Arming pin type with time delay. In this type, the fuze is armed
by a black powder train. The arming wire, when withdrawn, allows
the arming pin to be ejected by its spring. The arming pin frees a
firing pin which starts a black powder train burning for a set time
after which time the fuze is armed. This type fuze is used in bombs
with high-explosive fillers for reasons previously explained.

Time. In this type, the fuze is armed either by the fetation of a
vane assembly or ejection of an arming pin. This type is designed
to function a predetermined number of seconds after release and is
designed to be used against moving aircraft and for several types of
pyrotechnics.

Any one of the above types may be designed for use in the nose
or tail of the bomb. Nose fuzes, 'except time, function on impact by
direct action; that is, the firing pin is driven into a primer at the
instant the nose of the bomb strikes the target, whereas tail fuzes
function by inertia. In tail fuzes, the plunger which carries the firing
pin continues its forward motion as the bomb is retarded by the re-
sistance of the target. Hence, the action of the nose fuze is slightly
the faster.

Action on Impact. Fuzes can be classified according to the
action on impact into three general classes:

Instantaneous and nondelay fuzes. Instantaneous and nondelay
fuzes are used in demolition bombs to attain .surface effect against
targets which may be destroyed by the violence of the explosion.
Nose fuzes which function immediately on impact are considered in-
stantaneous acting fuzes, while tail fuzes which function immediately
on impact are considered nondelay. The action of the tail fuze is
slightly slower due to indirect action of impact causing inertia to act
on the fuze as compared to the direct action on impact on the nose
fuze. Instantaneous fuze action is' also used for fragmentation and
chemical bombs for above ground distribution of fragments and dis-
persion of chemical fillers.

Short delay fuzes. The greatest effect of any explosive is obtained
when the charge is tamped. Similarly, the best effect of the demoli-
tion bomb against a resistant target is achieved if the bomb pene-
trates and then detonates within the target. For this reason, a great
majority of targets against which demolition bombs are used will
suffer maximum damage if the bombs are fuzed for delay action.
The optimum delay is that which is long enough to allow the bomb
to come to rest within the target At present, the short delay fuzes
vary from 0.01 of a second to 0.1 of a second delay in functioning
after impact. The extent of the penetration will depend on the type
of target, the bomb used, and the height from which it is dropped.
In considering ship bombing, it is found that a short delay fuze is
in most cases the optimum desired. Such fuzes would permit the
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bomb to sink under the water a sufficient depth before exploding to
exert maximum force against the armor plate near the bottom of the
hull. Against submarines, a fuze which operates on water pressure
is Used. A short delay fuze would have slight effect if the submarine
dived.

Long delay action tuxes. According to earlier regulations, planes
could not drop bombs except from safe altitudes if these bombs were
fuzed with instantaneous or short delay action fuzes for land bomb-
ing. Safe altitudes vary from a minimum of 1,500 feet for the drop-
ping of a 100-pound bomb to the minimum of 4,000 feet for the drop-

- ping of a 4,000-pound bomb. For a plane to go below these safe alti-
tudes is dangerous because the effects of concussion and fragments
will be felt below such altitudes. It was found that in many cases such
altitudes did not enable effective or any bombing. Particularly are
such high altitudes not advisable or possible in such cases as the
following:

1. Bad weather conditions .where the target cannot be seen from
high altitudes.

2. Where the climate is too cold to permit high-altitude bombing
as in Alaska and Russia.

3. Where a good percentage of effective antiaircraft fire can be
avoided by flying at low altitudes.

Long delay action fuzes from 4 seconds to 45 seconds have solved
this problem by allowing, the pilot to drop his bomb from low alti-
tudes and move out of the effective danger area before the bomb
explodes. As the tail fuze is usually the fuze designed for long delay,
when such bombing is to be done and the type of bombing is not
known until the target is reached, the nose fuze is made inoperative.
The nose fuze can be- made inoperative by removing the vane or by
cutting the arming wire and wrapping it around the vane. If it is
understood before the planes take off that the bombing is to be low
altitude, both nose and tail fuze may be assembled to the bomb
which provide for long delay.

Long delay fuzes of 4 to 5 seconds are found utilized for low-
altitude sea bombing (masthead bombing). Such bombs are dropped
near the side of a ship to allow for effective action below the water
surface while long delay fuzes of 8 to 15 seconds are used for low-
altitude land bombing (hedge hopping).

' For special use, such as preventing immediate reuse of bombed
areas and for moral effect, long delay fuzes which vary from one hour •
to several days may be found in use.

Fn*e Nomenclature. Army fuzes will either be found with "Mk."
and the appropriate mark number in Roman numerals or "M" with
the appropriate M number in Arabic numerals. The Mk. series are the
old fuzes and are obsolete. The M series of bomb fuze* win **»••* -»
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100 and at the present time can be found with numbers 100 to 126
inclusively. These fuzes may or may not be SfcM. When these fuzes
are interchangeable for Navy or Army use, the letters "AN—M" will
precede the number to indicate the interchangeability and also that
the fuze is Army design.

Navy fuzes were formerly found with the letters "Mk." and the
appropriate mark number in Roman numerals. Later the letters "Mk."
were followed by the appropriate mark number in Arabic numerals.
For example, Fuze Mk. XXIV became Fuze Mk.24. When these
fuzes are interchangeable for Navy or Army use, the letter "AN—Mk."
will precede the number to indicate the interchangeability, and also
that the fuzes are Navy design. Recently, in order to avoid confusion
in Navy fuzes, it was decided by the Navy to use the following sys-
tem of numbering. All artillery fuzes were to be numbered from
1 to 99. All miscellaneous fuzes, such as used in torpedoes would be
numbered from 100 to 199, whereas all bomb fuzes would be num-
bered from 200 to 299. For example Fuze Mk.XXIV which became
Fuze Mk. 24, today should be changed to Mk. 224, and if it is also
for Army use the fuze nomenclature should read AN-Mk. 224.

POWER AND EFFECT OF BOMBS.
Action and Effect of Explosives. The destructive effect of a

bomb is in most cases due to the detonation of the high-explosive
charge, and consequently it will be of interest to consider briefly
some of the ways in which a high explosive acts.

In general, a high explosive consists of an unstable compound in-
cluding nitrogen. The results of an explosion are to convert the whole
of the explosive into gas. This may result in a volume of gas 10,000
times that of the explosive in solid or liquid form.

Thus, a bomb containing 10 pounds of explosive occupying Vio
cubic foot tends to produce 1,000 cubic feet of gas. At the bomb, the
instantaneous pressure is momentarily of the same order as would
be required to compress the gas back to solidity; about 10,000 atmos-
pheres or 147,000 pounds per square inch. Fragments of a bomb may
acquire velocities comparable to those of rifle bullets (nearly 3,000 ft
per sec) and cause great impact effects.

There are two ways in which an explosive may act. If the bomb is
exploded in the open, there is a blast effect accompanied by the dis-
persion of missiles which are fragments of the bomb case. If, on the
other hand, the bomb is exploded deep in the earth or water, there is
a lifting and heaving of the surrounding substance which is sometimes
described as a mining effect.

A high explosive which is well tamped has about four and one half
times the shattering effect that the same amount of explosive would
have if it were exploded in contact with the same object, but in the
open. Thus, if it required 10 pounds of TNT to breach a wall with
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the explosive properly placed and tamped, it will require 45 pounds
to produce the same effect if the explosive is simply lying against
the wall. The same effect of tamping is obtained when a bomb ex-
plodes inside a building.

In 1941, a standard 500-pound demolition bomb was dropped
from an altitude of 14,000 feet into a reinforced concrete slab 48
inches thick. The-effect of the detonation was to pulverize and ex-
cavate the position of the slab immediately below the bomb and to

- shatter the remainder of the slab. The area excavated was 27 square
feet and the area broken in the massive block was 400 square feet.

Against personnel, blast effectiveness is limited to very short dis-
tances. A hundred and ten feet is listed as the approximate maximum
distance at which the blast of a 2,000-pound bomb is effective
against personnel. A basis for this estimate was found in the explosion
at Picatinny Arsenal, where a watchman received only slight injury
when 775,000 tons of TNT detonated at a distance of 1,500 feet.

Fragmentation bombs are more dangerous than demolition bombs
in the open. The fragments of the bomb, not the explosive charge, do
the most damage when a bomb is detonated in the opea These
bombs are intended for attack on troops, trucks, airplanes on the
ground or in the air, and other light materiel and is designed to pro-
duce the most fragments possible.

HORIZONTAL DANGER RADIUS OF BOMB CASING FRAGMENTS
M«»lm«n i

.1,000 yd
100-lb
300-lb
600-Ib

1, 100-lb
2,000-lb. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2,000 yd

BLAST EFFECT ON PERSONNEL
-- _ . Affr»*tmuto Mwhmm Dittmet tl»f
»•"* •!«•• li «r«»lv. •• Pmmtml

100-lb. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 ft
• 3 0 M b . . . . . . . ; . . . . . . . . . - . . . . . . . . . . . . . . . . . . . 55 ft
600-Ib. . . . . . . . . . . . . . . . . . . ; . . . . . . . . . . . . . . . . 75 ft

i,ioo-ib. ........................;.......... 90 ft
2,000-lb. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . no ft

TECHNIQUES OF BOMBING.
There are four methods of bombing used:
High-level Bombing or Horizontal Bombing. Planes travel at

.very high altitudes to drop their bombs on enemy targets. Very good
bomb sights are essential in this type of bombing.
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Dive Bombing. This is done at an angle of 70 to 75 degrees. It
was developed by the United States government, but put into exten-
sive use by the Germans.

Glide Bombing. Shallow dive bombing at an angle of 45 degrees
or less for planes which cannot withstand the stress and strain in-
volved in dive bombing techniques.

Low-level Skip or Hedge Hop Bombing. Bombs dropped from
levels of 50 tp 200 feet. Such bombs will ricochet; this is very effec-
tive against merchant shipping.

FURTHER REFERENCES! All references may be found at the
close of this section.

Chapter 2
G.P. (General Purpose) Bombs

GENERAL.
With the design of the 2,000-pound Mk. I Bomb as cylindrical, a

new innovation in American bomb development was initiated. A new
series of bombs was developed and later standardized in 1939. This
series of bombs was known as the M series.

The M series demolition bombs were cylindrical in shape with a
box type tail assembly. The bomb body was made in one piece. This
provided for four advantages over the Mk. series, namely:

The bomb case was stronger due to the absence of welds.
The bomb case was easier to manufacture and cheaper in cost.
The bomb itself was easier to load with explosive.
The shape of the bomb facilitated, handling in the field. The

M series of demolition bombs had the following nomenclature: 100-
pound M30; 300-pound M31; 600-pound M32; 1,100-pound M33;
2,000-pound M34.

Shortly thereafter, the above series of demolition bombs were modi-
fied and several sizes of bombs were replaced by others. To make
Army and Navy bombs interchangeable, a 500- and 1,000-pound
demolition bomb were standardized and the 600- and 1,100-pound
bombs were declared standard for issue only. To allow for Army,
Navy, and British interchangeability of bombs, the 250-pound bomb
was standardized and the 300-pound bomb which would not con-
veniently fit into British bomb racks was declared standard for issue
only. In accordance with the above, all new bombs being manufac-
tured had welded on their bomb bodies a single suspension lug at
the center of gravity to allow for use in British single suspension racks
and several of the Navy planes which carried single suspension racks.
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Also the new bomb was improved by the substitution of the tail base
plug instead of a rear closing cap to close the tail of the bomb. The
lip of the rear closing cap would snag as the bomb penetrated the
target pulling off the cap, fuze, and booster. This resulted in a low
order detonation or dud. The tailbase plug screws into an internally
threaded bomb body, overcoming this disadvantage.

,To indicate these changes, a new nomenclature was utilized. All
these new bombs were designed as AN to indicate Army and Navy
use with the appropriate Arabic numerals preceded by a model or
mark number to designate Army or Navy design respectively. The
letters GP (general purpose) were added in place of demolition to
conform with British nomenclature. The word "demolition" which
had previously been restricted to what today is known as GP bombs
received a new meaning to include all of the new bombs, which
arose because of the complexities of modern warfare, such as general
purpose, light case, semiarmor-piercing, armor-piercing, and depth '
bombs having a demolition effect. Because of their similarities, light
case and the old demolition bombs are considered with general pur-
pose bombs.

In considering a particular type of bomb, it is advisable to analyze
one example of that type, for with slight variations the other bombs
in that group are exactly the same. A typical example of GP bombs
is the AN-M 500-pound bomb.

The early method of manufacture for GP bombs or their predeces-
• sor, the M-series, was made by swaging the end of a piece of seam-

less steel pipe to form the nose. The tail end was tapered down, using
the same method. The shape of the bomb body was, therefore, cylin-
drical with tapered nose and tapered tail. Later, forging was also used;
that is, a solid ingot of metal was forged into a cylinder with one
end closed. The open end was tapered and.trimmed,, and the closed
end was machined down to proper dimensions for the nose. As the
demand for bombs increased, any case that could meet the require-
ments was accepted. This allowed for the use of welding, since tech-
nique! in welding have improved tremendously in recent years.
Today, bomb cases will be found made of cast steel noses welded to
seamless steel pipe, for example.

Dimensions of the Bomb Case. Regardless of the method of
manufacture, a cross section of a bomb case will be essentially the
same. The nose is relatively thick at the point where the fuze is
attached, and it will taper gradually back through the ogive until the
cylindrical side walls are reached. The cylindrical side walls are of .
uniform thickness and will continue through the tapering tail. That

: portion of the tail which is threaded internally for the tail base plug
is thickened to make up for the loss of material through threading.
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F/gure 227 — BOMB, 6.P., 500-pound, AN-M43
566

To illustrate, the minimum dimensions of the AN-M 500-pound GP
bomb are as follows:
••mb Cat* S«cll«n Thlckmii to lmh*t
Nose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.25
3 inches in back of n o s e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.10
6 inches in back of n o s e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 5 6
9 inches in back of n o s e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 4 9
12.2 inches in back of n o s e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 3 0
Side walls. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.30
Taper on t a i l . . . . . . . . . . . . . . . I . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 3 0
Portion of tail threaded for tail base p l u g . . . . . . . . . . . . . . . . . . . 0 . 3 1 8
These figures can be considered typical, provided that they are, in
any given case, proportioned to the size of the bomb.
Body Fittings. The nose of the bomb case is drilled and tapped
for the fuze seat liner and nose fuze. The tail opening is threaded
internally to receive an externally threaded base plug. This is a
much more efficient construction than that employed in the past
with rear closing cap. The rear closing cap is internally threaded so
as to screw into an externally threaded bomb body. The lip produced

• in this type of construction has been found to catch as the bomb pene-
trates targets, pulling off the cap and tail fuze, and resulting in a low
order detonation or a dud. The tail base plug is drilled and tapped
in its center for the adapter booster. A collar is machined and
threaded on'the back side of the base plug for the fin locking ring
which holds the fin in place and is internally threaded to receive an
adapter booster. The adapter booster is internally threaded to receive
the tail fuze. Welded to the bomb body are two Army suspension
lugs, 14 inches apart, each 7 inches away from the center of gravity.
A single suspension lug is welded to the opposite side of the bomb
body at the center of gravity.

Construction of the Fin. The fins used' on GP bombs are box
type, and because of their structure they are very stable. The founda-
tion of the fin assembly is a square metal box with top and botton
open. One end of each side of the box ends in a vane, and is fas-
tened to the end of another side of the box. These stabilizing vanes
are at en angle of 135 degrees from the sides of the box The ends
of the vane extend beyond the end of the box, and are so cut that the
extensions will bisect the angles of the box and meet in a common
center. Fastened to these extensions is a shallow drawn cup or sleeve
made to fit over the rear end of the bomb case. The sleeve conforms
to the bomb case and fits snugly over the collar on the tail base plug.
The fin locking ring or fin lock nut is threaded to the collar, jamming
the base of the sleeve against the rear of the base plug and locking
the fin assembly to the bomb case. • • •
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Painting. Until March 1942, jail GP bombs were externally
painted yellow with black stencil. Since March 1942, all bombs have
been painted olive drab with black stencil. For identification, the
bomb bodies have a 1-inch yellow band around the tail and nose and
a J/|-inch yellow band around the center of gravity. Internally, all
GP bombs are painted with acidproof black paint to prevent reaction
of high-explosive filler with the metal bomb case.

Explosive Filler. The standard filler for the GP bomb is amatol-
in any of its percentages. Alternate fillers are TNT and composition
B. When amatol is used, a TNT seal may or may not be used at the
nose and tail openings. The TNT seal is advisable if the bomb is
to be stored for long periods of time, because of the airtight seal it
would form, preventing the ammoniuni nitrate in the amatol from
reacting with the moisture in the air. The weight of 50/50 amatol
in a 500-pound bomb is about 265 pounds, while for TNT loaded
bombs the weight of TNT is about 280 pounds. In general, the ex-
plosive content is about 50 to 55 percent of the total weight of the
GP bomb.

Fuze Seat Liner. The fuze seat liner is a steel cup which may
be cadmium plated. It has a flange which is externally threaded so
as to screw into the nose of the bomb body. The fuze seat liner
serves to form a seat for the fuze when the latter is to be inserted
into the bomb body, and also with the aid of a bakelite sleeve, it
holds the nose auxiliary booster in line with the fuze while the bomb
is being loaded. Recently, the construction of the fuze seat liner was
changed from a 2-piece affair to a 1-piece design. It was found, in
many cases, that the base of the fuze seat liner, which was a separate
part, would allow the amatol filler to seep or run into the liner it-
self. The 1-piece construction helps to eliminate this condition. The
outside of the fuze seat liner is painted acidproof black as in any
metal component which comes into contact with explosive filler such
as amatol.

Bakelite Sleeve. The bakelite sleeve is an open hollow bakelite
cylinder with an internal shoulder so designed as to hold'the auxiliary
booster. The other end fits around the fuze seat liner. The position
of the bomb in pouring, nose down, allows the bakelite sleeve in con-
junction with the fuze seat liner to hold the auxiliary booster at the
nose in place.

Boosters. An adapter booster is found in the tail* of the bomb
body only and is used to seat the tail fuze and amplify the detonat-
ing wave of the tail fuze detonator. All nose fuzes for GP bombs have
the boosters incorporated in the fuze, for there is no adapter booster
located at the nose of the bomb body. Correspondingly, all tail fuzes
for bombs do not have boosters incorporated in the fuze because the
bomb body has its own adapter booster.
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Auxiliary Booster M104. The Ml04 Auxiliary Booster consists of
a booster charge of tetryl (0.5 pound) in a bakelite casing 1 foot
long. It is closed at the top with a felt disc, under a threaded bake-
lite cap. The cap of the booster casing rests on the shoulder of the
bakelite sleeve as described previously. The M104 Auxiliary Booster
is also found in the tail end of the bomb body. This is true of all GP
bombs except the 100-pound GP bomb and the 4,000-pound LC
bomb, each of which has one auxiliary booster only. The 100-pound
GP bomb is too small to use two auxiliary boosters, so that the M104
is only found in the nose of the 100-pound bomb. The 4,000-pound
bomb uses one large auxiliary booster which extends the entire length
of the bomb. This auxiliary booster is the Mill. It has approximately
3.4 pounds of tetryl and is 7 feet long. It is held in position at the
nose in the same manner as described for the M104 Auxiliary Boos-
ter. For all other GP bombs, the M104 Auxiliary Booster is held in
the tail by the amatol solidfying around the casing. Special equip-
ment is utilized to form a cavity for the auxiliary booster and to hold
it in place while the amatol solidifies. Such equipment is removed
when the tail auxiliary booster is properly in place.

The use of auxiliary boosters is necessary to insure the high order
detonation of the large quantity of comparatively insensitive bursting '
charge which is found in the GP bomb.

Adapter Booster M 102. The M102 is threaded at the top with
outside threads for screwing into the tail base plug. It is internally
threaded to receive an Army tail fuze. At the bottom, the adapter is
threaded to receive the booster casing which contains a charge of
tetryl. A small closing cup located in the housing between the fuze
cavity and booster charge is filled with tetryl and acts as a lead
charge. The adapter booster is made of steel, and may be cadmium
or zinc plated.

Adapter Booster Ml 15. This recently adopted Booster is similar
to the M102 except that the diameter of the Ml 15 is larger, making
itf possible to use the AN-Mk.230 Navy Hydrostatic Tail Fuze. To
reduce the diameter of the adapter to receive Army fuzes, a threaded
sleeve la screwed into the Ml 15 Adapter Booster. To make use of
Navy fuzes, the sleeve must be removed with a special stud wrench

t having two studs which fit into two holes in the face of the sleeve.
All GP bombs except the 500-pound AN-M64, the 1,000-pound
AN-M65, and the 2,000-pound AN-M66 use the M102 Adapter Boos-
ter. The AN-M64, AN-M65, and AN-M66 use the Ml 15 Adapter
Booster, and are replacing GP bombs of like size.

Shipping Plugs. To close the nose and tail fuze cavities, shipping '
plugs are screwed into the nose threads and adapter booster threads.
These plugs protect the threads and prevent entrance tit dirt into the
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fuze cavities. This is particularly necessary because bombs are never
shipped with fuzes assembled.

Arming Wire. •Type B arming wire is generally used for all GP
bombs. This type has a diameter of 0.64 inch. The swivel loop is at-
tached somewhat off center of the length of the wire with the longer
end of the wire designed to be inserted in the tail fuze. As the stand-
ard bomb fuzes for GP bombs are of the arming vane type both at
the* nose and tail positions, two safety clips (phosphor-bronze
Fahnestock connector No. 3) are required, for the complete round.

Trunnion Band. Previously it had been mentioned that to adapt
Army bombs for Navy use, a single suspension lug and a means of at-

. taching bombs to special racks used in dive bombing had to be pro-
vided. To accomplish these necessities, the bombs were provided with
trunnion bands. A trunnion band is merely a steel ring which can be
placed around the circumference of the bomb and bolted together at
the ends to secure it in place. Opposite the point where the band is

1 bolted together, a single suspension lug is riveted and welded to the
band. This single lug is for use in single suspension. Two pivot points
or trunnions are provided on the same band for dive bombing racks.
Each trunnion is 90 degrees from the suspension lug and the ends of
the band. Thus, the trunnions are on the same plane and 180 degrees
from each other on the band. They are riveted and welded in place.
The trunnion band is bolted around the center of gravity of the bomb
with the bolt on the same side of the bomb as the double suspension
lugs. The trunnions fit into a yoke arrangement that lowers the bomb
out of the propeller arc when it is released from the bomb shackle.
Trunnion bands can be considered used for one or two of three pur-
poses: to provide trunnions for dive bombing; to provide a third lug
for single suspension; to provide a hoisting lug.

All trunnion bands serve to provide trunnions for dive bombing,
and some trunnion bands serve for this 'purpose only. Others act to
provide trunnions for dive bombing and also provide a third lug. The
final group of trunnion bands acts to provide trunnions for dive
bombing and a lug for hoisting. The Ml and M2 Trunnion Bands
previously described act to provide trunnions for dive bombing and .
also furnish a single suspension lug, since the bomb for which they
are provided has no lug for single suspension. The M1A1 acts to
provide trunnions for dive bombing and a lug for hoisting.

Trunnion bands and the bombs they are used with are listed
below:
Ml; 500-pound M43 Demolition Bomb
Ml A I; 500-pound AN-M43 and AN-M64 GP Bombs; also the 1,400-

pound M63 AP Bombs
M2; 1,000-pound M44 Demolition Bomb
M2A1; 1,000-pound AN-M44 and AN-M65 GP Bombs
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M3A1; 1,000-pound M52 and M52A1 AP Bombs; also the 900-pound
M60 AP Bomb and 800-pound M61 Bomb

M4; 500-pound AN-M58 and AN-M58A1 SAP Bombs
MS; 1,000-pound AN-M59 SAP Bomb
M6; 600-pound M62, M62A1 and M62A2 AP Bombs v

Suspension Bands. The 100-pound M30 Demolition Bomb uses
a suspension band which is a steel band that fits around the bomb
body. It provides the third lug which is attached to the band. The
band is known as the Ml, and adapts the bomb for single lug sus-
pension racks for dive bombing purposes.

Suspension bands have one main purpose, and that is to provide
an additional lug where desired. Some suspension bands provide be-
sides the single lug, trunnions for dive bombing.

Hoisting Bands. These are bands which have one or two lugs for
hoisting purposes only. They are used primarily by the Navy. Army
hoisting bands are in the form of trunnion bands or suspension bands.

FUZE, Nose, M103 and AN-M103.
General. This is an arming vane type with mechanical delay in

arming. It is used in all GP bombs, the M-series demolition bombs
which preceded the GP series, the 4,000-pound LC bomb, and in the
650-pound depth bomb. It is used for high-altitude land bombard-
ment, and also against water targets. Its action on impact is selective,
instantaneous or 0.1 second delay. The length of this fuze is about 7
inches, and it weighs about 3.7 pounds. It is packed 1 per container,
25 containers per box. The vanes are packed separately in the same
container.

Description. The selective action of this fuze is obtained by use
of two firing systems, one for instantaneous action, the other for
delay; both are contained in the upper part of the body. The detona-
tor is mounted in a slider located below the firing pins, and is nor-
mally held out of firing position by the arming stem. In this "out
of firing" position, the detonator communicates with a cavity into
which the force of the explosion of the detonator could expand
should the detonator function prematurely. In the arming of the fuze,
the arming stem serves as a stop to limit the movement of the slider
to the position appropriate for the required action, instantaneous, or >
short delay, depending on the position of the setting pin. Delay
arming is accomplished by interposing a reduction gear train between
the arming vane and the arming screw to reduce the movement of
the arming screw to 1 turn for approximately 65 revolutions of the
arming vane. Arming discs between the striker and the body of the
fuze prevent movement of the firing pin prior to arming. The detach-
able arming vane is held in position by a spring vane-holder ring.

572

Iff

TM 9-1904

BOMBS FOR AIRCRAFT

ARMING VANE HOLDER

REDUCTION GEARS
ARMING SCREW

ARMING VANE DISC
SHEAR PI

ARMING VANE DISC

SETTING

BLANK FLASH HOLE-j-*

DELAY O.I. SEC.J1 '
BLOCK POWDER F

RELAY LEAD AZIDE'

Figure 230 — FUZE, Bomb, MI03 (Note)
573



TM 9-1904

AMMUNITION INSPECTION GUIDE

Eyelets in the vane strap which aline with corresponding eyelets at-
tached to the vane cup are provided for the arming wire. The fuze
may be set at will to instantaneous or 0.1 second short delay.

The reduction gear train consists of a drive gear which is directly
connected to the arming vane. The drive gear rotates with the arm-
ing vane. The drive gear is in mesh with two eccentric gears. Upon
the hubs of the eccentric gears rides an external gear. The external
gear executes pure revolution about the axis of the drive gear and
meshes with an internal gear, to which the arming screw is directly
attached, at only one point on its circumference. The reduction
achieved is 65 revolutions of the vane to 1 revolution of the arming
screw.

Function when set lor delay action. The bomb is dropped and the
arming wire is retained in the plane. The arming vane is now free to
be rotated by the air stream. The rotating arming vane, acting
through the reduction gear train, slowly unscrews the arming screw
which carries the vane cup with it. This movement of the vane cup
uncovers the arming discs and permits them to be ejected by the
flat U-spring. The striker is now held in place by a shear pin and the
setting pin which acts as a secondary shear pin.

Simultaneously, this movement of the vane cup permits the arm-
ing stem, due to the action of the arming stem spring, to move par-
tially out of the slider cavity until the shoulder of the arming stem
comes into contact with the setting pin. When set for delay action,
the setting pin is in the deep slot of the body and therefore protrudes
into the arming stem cavity. The slider is now free, and due to the
action of its spring it is forced to move toward the end of the slider
cavity until its shoulder comes into contact with that part of the
arming stem! which still protrudes into the slider cavity. It is pre-
vented from moving rearward by a slider lock which consists of a
cupped spring which slips into a step-like cavity in the slider. It allows
the slider to move forward but not backward. The slider is prevented,
however, from moving forward by the arming stem. In this locked
position, the detonator which is carried by the slider is directly in
line with the delay explosive train. The instantaneous firing pin is
now directly over a blank hole in the slider while the arming stem
is over a second blank hole in the slider. This is to prevent these
elements from interfering with action" on impact, and also serves as
additional locking elements after impact.

On impact, the striker is forced inward, breaking the shear pin
and setting pin. The instantaneous firing pin and arming stem move
into the blank holes in the slider. The delay firing pin strikes a
primer. The flame from the primer ignites a black powder delay
pellet which burns for 0.1 second. A relay of lead azide is initiated
by the black powder flame. The detonating wave produced functions
the detonator of priming mixture, lead azide, and tetryl. The detona-
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tor functions the lead charge of tetryl which detonates the booster of
tetryl in the base of the fuze. The wave from the fuze detonates the
auxiliary booster of tetryl in the bomb body and the explosive burst-
ing charge.

Function aet for instantaneous action. The bomb is dropped and
the arming wire is retained in the plane. The arming vane is now
free to be rotated by the air stream. The rotating arming vane, acting
through the reduction gear train, slowly unscrews the arming screw
which carries the vane cup with it. The movement of the vane cup
uncovers the arming discs and permits them 'to be ejected by the
flat U-spring. The striker is now held in place by a shear pin and
the setting pin which acts as a secondary shear pin.
\ Simultaneously, this movement of the vane cup permits the arm-
ing stem, due to the action of its spring, to move up until its shoulder
strikes the top of the striker body. The setting pin engaged in the
shallow slot does not . interfere with the movement of the arming
stem. The slider cavity is now entirely free of the arming stem. The
slider, due to the action of its spring, moves until it strikes the fuze
housing. It is prevented from moving rearward by the slider lock.
In this locked position, the detonator which is carried by the slider
is directly underneath the instantaneous firing pin and over a second
lead charge of tetryl. The arming stem is directly over the innermost
blank hole in the slider and therefore does not interfere with action
on impact but serves as an additional locking element after impact.

On impact, the striker is forced inward breaking the shear pin
and setting pin. The arming stem moves into the blank hole in the
slider. The instantaneous firing pin strikes the detonator of priming
mixture, lead azide, and tetryl. The detonating wave produced func-
tions the lead charge of tetryl which in turn detonates the booster
of tetryl located in the base of the fuze.

Comparison between M103 and AN-M103. Normal arming of the
M103 Bomb Fuze requires from 1,000 to 3,500 feet of air travel or
525 revolutions for delay ..action, 820 revolutions for instantaneous.
Dive bombing and low-altitude bombing over water have produced
bomb failures because the M103 Fuze was not completely armed at
the time of impact. This fuze, when used for low-altitude water im-
pact bombing, must be partially armed before dropping. Fuzes par-
tially armed and set for instantaneous or delayed action will become
completely armed at the time of impact when dropped from mini- :

mum combat altitudes.
The M103 Bomb Fuze may be partially armed by backing off the

arming vane until Va inch of the safety discs is exposed by the vane
cup. This requires approximately 250 turns. Tolerance variations in
manufacture and assembly of M103 Fuze may cause exposure of
one-eighth inch of safety discs before making 250 .turns of arming
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vane. Such a fuze is partially armed when one-eighth inch of safety
discs is exposed. The arming vane must not be backed off more than
250 turns.

The Fuze AN-M103 arms within the minimum combat altitudes
or within 435 to 935 feet of air travel or 220 revolutions for delay and
330 for instantaneous are required. An additional change, was the
modification of the arming vane to one somewhat smaller in diameter
to make it more stable.

FUZE, Tail, AN-M101A1.
General. This is an arming vane type of fuze with mechanical

delay. It is used in 500- and 600-pound GP bombs and M-series
demolition bombs which preceded the GP series. 500-pound SAP
bombs also utilize this fuze. It is used for high-altitude land bombard-
ment and also against water targets. Its action on impact depends on
the primer detonator used. It can vary from nondelay to 0.1 second
delay. The arming time is approximately 720 revolutions of the arm-
ing vane. It is about 12 inches long, weighs about 2.9 pounds, and
is packed 1 per container, 25 per box. The vanes are packed separately
on spindles in the same box.

Description. This fuze is designed so that the delay time may be
varied by changing the primer detonator. As shipped, the Primer
Detonator M14 with 0.025-second delay is assembled to the fuze. This
may be replaced in the field by use of the M14 Primer Detonator
having a nondelay, a 0.01-second delay, or a 0.1-second delay by un-
screwing the primer detonator, which appears as a knurled ring at
the base of the fuze, and by screwing in the primer detonator assem-
bly of the desired delay. The work is done by hand since the use of
tools is neither necessary nor permitted. The length of the firing stem
tube is 6.6 inches. Housed in the fuze body are the firing pin, primer,
delay element, and detonator. The plunger is held in place by means
of an arming stem which passes through the arming stem tube to the
upper portion of the fuze. A cotter pin passes through the fuze
housing and plunger at the point where the external threads are
located for screwing the fuze into the adapter booster. This cotter
pin must be removed therefore before the fuze can be assembled to
the bomb.

Attached to the upper end of the arming stem is a cup in which
is housed the delay arming mechanism. Delayed arming is obtained
by a reduction gear train. Essentially, the reduction gear train con-
sists of 3 gears. The idler gear is fixed to the bearing cup by means of
a pinion called the idler pinion. The bearing cup is directly attached
to the arming vane. The idler gear is in mesh with a stationary gear-
and a movable gear. The stationary gear has 29 teeth and is on a
stationary gear carrier which is held to the stem cup by means of a
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Figure 232 — FUZE, Bomb. AN-M101A2 I Tall)
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carrier stop. This carrier stop will prevent- any rotation of the sta-
tionary gear assembly. The movable gear has 30 teeth. Because of
the differential number of teeth in the stationary and movable gears,
the movable gear is caused to rotate 1 tooth for each turn of the idler
gear about the 2 gears. This is 1 complete turn for 30 turns of the
vane since the vane rotates the idler gear directly. The movable gear
is attached to the arming stem. Consequently, as the movable gear
rotates so does the arming stem. The stem turns \\3 of a thread for
each turn of the vane or 1 complete thread for 30 turns of the vane.

Function. The bomb is dropped and the arming wire is retained
in the plane, thereby permitting the arming vane to be rotated by
the air stream. The rotating arming vane acting through the reduc-
tion gear train unscrews the stem from the plunger (approx. 720
revolutions), thereby arming the fuze. The plunger is now held away
from the primer of the M14 Primer Detonator by a light coil re-
straining spring. After a total of approximately 1,260 revolutions,
the entire arming vane, reduction gear train, and arming stem assem-
bly is carried clear of the fuze by the air currents passing through the
tail fin assembly. During this entire process of arming, a key pin
prevents the rotation of the plunger as the arming stem unscrews.

Upon impact, the motion of the bomb is arrested and the plunger,
compresses the restraining spring causing the firing pin, which is
milled into the end of the plunger, to strike the primer of the M14
Primer Detonator. The flame produced ignites a black powder
igniter charge which in turn ignites the delay of black powder. This
burns for the prescribed time and ignites a relay of lead azide. The
detonating wave from the relay functions the detonator of lead azide
and t'etryl.

Primer Detonator M14 and M14A1. The Primer Detonator M14
or M14A1 screws into the base of the Tail Fuze AN-M100A1,
AN-M101A1, AN-M102A1, AN-M100A2, AN-M101A2, or AN-
M102A2. The primer detonator consists of a housing so threaded
and machined as to receive a primer, delay, and detonator assembly.
Around the outside of the housing will be found threads which are
designed to screw into the base of any of the fuzes previously named.
The base of the primer detonator is stamped with the appropriate
delay and is painted to indicate the various delays as follows:
0.1-second d e l a y . . . . . . . . . . . . ' . . . . . . . .Entire base is painted black
0.025-second delay . . . . . . . . . . . . . . . . . . . . . Vi base is painted black
0.01-second delay ......................V» base is painted black
N o n d e l a y . . . . . . . . . . . . . . . . . . . . . . . . . . . E n t i r e base is painted white

The primer detonator delay which comes assembled with the fuze
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Figure 233 — Marking of Ml4 Primer Detonators

is at present the 0.025-second delay. The explosive train consists of
the following elements in position as listed:

D.loy HeW.r An.mbly Dtto'Mtor M»M«-
Primer Upper detonator lead azide
Igniter black powder Lower detonator tetry
Delay black powder 0.025 sec
Relay lead azide

All other delays for the M14 or M14A1 Primer Detonator have the
same explosive train elements with a difference, of course, in the
delay pellet burning time, if any is present. The nondelay and
0.1-second delay primer detonator does not.have an igniter charge
of black powder.

FUZE, tail, AN-M100A1 and AN-M102A1. These fuzes are en-
tirely the same as the AN-M101A1 described above in so far as func-
tion and description are concerned, differing only in the length of the
arming stem tube in order that the arming vane will be properly
positioned in the air stream. The arming stems are: 3.6 inches on
the AN-M100A1: 6.6 inches on the AN-M101A1; and 10.6 inches
on the AN-M102A1. Longer stems are necessary in larger bombs.

FUZES, Tail, Ml00, M101, and Ml02. These fuzes differ from
the AN-M100A1, AN-M101A1, and AN-M102A1 only in that they
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have a primer detonator of 0.1-second delay firmly attached. Delay
cannot be changed.

FUZE, Tail, AN-M100A2, AN-M10IA2, and AN-M102A2. Arming
of fuzes listed above, having but the Al modification, requires from
1,000 to 3,500 feet of air travel. Dive bombing and low-altitude
bombing over water have produced bomb failures because the bomb
fuzes were not completely armed at the time of impact. These fuzes,
when used for low altitude water impact bombing, must be partially
armed before using. Fuzes partially armed as described below will
become completely armed at the time of impact when dropped from
minimum combat altitudes.

To partially arm the AN-M101A1 or M101, or any others in
the same series, one must measure the length of the ^u-inch diameter
rod (stationary gear carrier stop) extending beyond the cup. This
length should be approximately 1.5 inches before partial arming.
The vane is rotated clockwise approximately 350 turns. The rod is
again measured. Its length should now be 0.4 inch less or approxi-
mately 1.1 inches. If the difference in measurement is greater or less
than 0.4 inch, the vane may be rotated either clockwise or counter-
clockwise until the required difference of 0.4 inch is obtained.

Bomb Fuzes AN-M101A2, AN-M100A2, and AN-M102A2 are ex-
actly the same as the Al modification of the corresponding size, but
do not require being partially armed. These fuzes arm within mini-
mum combat altitudes. An additional change was the modification of
the arming vane assembly from eight blades to four blades in order
to make the assembly more stable.

FUZE, Tail* M113.
General, This is an arming vane type of fuze which is used in the

500- and 600-pound GP bombs and M-series demolition bombs. 500-
pound SAP bombs also utilize this fuze. It is used for low-altitude land
and sea bombing. Its action on impact depends on the action of the
primer detonator used. The M16 Primer Detonator has two possible
actions, a 4- to 5-second delay for low-altitude sea bombing, and an
8- to 11-second delay for low-altitude land bombing.

The arming time is about 18 turns of the arming vane or 100
feet of air travel. At speeds of 68 miles an hour, the fuze arms ap-
proximately 16 feet below the plane. At speeds of 136 miles per hour,
the fuze. It has 4 blades, 0.5 inch wide and 5 inches long.

Description. This fuze is similar in outward appearance to Bomb
Fuze AN-M101A2, except that it'does not have the reduction gear
assembly in the head and the cotter pin through the body. As shipped,
the Primer Detonator M16, 8- to 11-second delay, is assembled to
the fuze. This may be replaced in the field with Primer Detonator
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M16, 4- to S-second delay, by unscrewing the primer detonator
(which appears as a knurled and grooved member at the forward
end of the fuze), and by screwing in the primer detonator assembly
with the desired delay. The delay time is marked on the end of the
detonator assembly. This replacement is done by hand. The use of
tools is neither necessary nor permitted. '

Housed in the fuze body, in addition to the detonator assembly, is
the.firing pin assembly. The firing pin assemb'ly is of the cocked firing
pin type. After arming, only a very light impact is necessary to cause
detonation of the fuze; therefore, it is extremely sensitive to shock
after the fuze is armed. The firing pin assembly is held in place
(unarmed) by the threaded arming stem, which passes through the
arming stem tube to the upper portion of the fuze. There is no gear
reduction mechanism;, the arming vane is directly connected to the
arming stem which releases the firing pin assembly after approxi-
mately 18 turns of the vane. The vane is shipped unassembled to
the fuze. It has 4 blades, 0.5 inch wide and 5 inches long.

This fuze is used for low-altitude demolition bombing as its special
purpose. For that reason, it is instantaneous in arming and has a long
delay action on impact. This long delay allows the plane to escape
after the bomb strikes its target, or if it should accidentally strike
another bomb while in flight after it has armed. For sea bombing,,
a 4- to 5-second delay primer detonator is used to allow the bomb
to sink a sufficient. depth underneath the water and then function
near the side of the ship below the water line so as to produce effec-
tive damage.

With a direct arming vane type of fuze such as this, a special pre-
caution must be taken to insure that a safety pin or arming wire is
in place at all times to prevent any rotation of the vane and arming
stem. If the arming stem has been rotated and unscrewed from the
firing pin assembly (indicated by a gap between the eyelets in the
stem cup and vane holder assembly of Vi inch or more), the fuze
should be destroyed. One must not attempt to reertgage the threads
in the firing pin assembly. If the arming vane and arming stem have
rotated, and the gap between eyelets is less than Vi inch, the primer
detonator should be removed and the arming stem turned counter-
clockwise until tight and then turned clockwise three-quarters of a
turn. The primer detonator may then be replaced. The arming stem
should not be turned while the fuze is in a bomb.

Function. The bomb is dropped and the arming wire is retained
in the plane. The arming vane is rotated by the air stream. The
rotating arming vane directly connected to the arming stem, unscrews
the arming stem from an inertia sleeve, arming the fuze. On impact,
the force of inertia causes the inertia sleeve to move inward against
a restraining spring. A pair of locking balls housed in the inertia
sleeve, and supporting the firing pin, move with the sleeve until they
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fall ipto a recess in the fuze housing. The movement of the locking
balls into the recess frees the firing pin which is forced into the
primer of the M16 Primer Detonator by a compressed spring. The
flame produced ignites a black powder igniter charge which in turn
ignites a delay of black powder. This burns for 8 to 11 seconds or
4 to 5 seconds, and ignites a relay of lead azide. The wave from the
relay functions the detonator of lead azide and tetryl.

Primer Detonator Ml 6. The Primer Detonator M16 screws into
the bases of the following Tail Fuzes Ml 12, Ml 13, Ml 14, Ml IS,
Ml 16, Ml 17, and M122. The primer detonator consists of a housing
so threaded and machined as to receive primer, delay, and detonator
assemblies. Around the outside of the housing will be found threads
which are designed to screw into the base of any of the fuzes pre-
viously mentioned. The M16 Primer Detonator in outward appear-
ance resembles the M14 Primer Detonator. It can be distinguished
from the M14 by an annular groove in the knurled part, the base
of the M14 being completely knurled for facility in handling. The
base is painted yellow with black stencil either 4 to 5 or 8 to 11
seconds, to indicate the time of delay. However, as an added safe-
guard, the two are so threaded and constructed that it is impossible
to interchange the M14 and M16 Primer Detonators. The explosive
train consists of the following elements in position as listed:
Primer
Igniter, black powder
Delay, black powder, 4 to 5 or 8 to 11 second
Delay, lead azide
Upper detonator, lead azide
Lower detonator, tetryl

FUZES, Tail, M112 and M114. These fuzes are entirely the same
as the Ml 13 described above as far as the description and function
are concerned, except for the length of the arming stem fuze. The
length of the stems varies so that the arming vane will be properly
positioned in the air streams. The arming stems are: 9.6 inches on
the Ml 12; 12.6 inches on the Ml 13; and 16.6 inches on the Ml 14.
Longer stems are necessary on larger bombs.

FUZES, Tail, M115, Ml 16, and M117. The Ml 15, Ml 16, and
Mil? are Army fuzes designed for Navy use only. Navy planes leav-
ing from aircraft carriers have found it extremely dangerous to carry
bombs fuzed with the Ml 12, Ml 13, or Ml 14 Fuzes because of land-
ing hazards due to their almost instantaneous arming. The Ml 15,
Ml 16, and Ml 17 incorporate the reduction gear assembly and arming
stem found in the A2 modifications of the AN-M100, AN-M101, and
AN-M102 Fuzes. (These, fuzes do. not have to be partially armed,
for low-altitude water bombing.) Because of the low altitudes from
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which the Ml 15, Ml 16, and Ml 17 Fuzes are dropped, the base in-
corporates the firing mechanism of the Ml 12, Ml 13, and Ml 14 Fuzes
respectively, including the use of the M16 Primer Detonator, 4- to 5- ,
or 8- to 11-second delay. These fuzes can therefore be classified as
the arming vane type with mechanical delay with 4- to 5- or 8- to 11-
second delay action on impact. The Ml 15 corresponds to the Ml 12
or AN-M100A2 Fuzes in size; the Ml 16 corresponds to the Ml 13 or
AN-101A2 in size; the Ml 17 corresponds to the M1J4 or AN-102A2
in size. The Ml 15, Ml 16, and Ml 17 Fuzes are used in the same
size bombs as the respective bomb fuzes to which they correspond.

FUZES, Nose, Ml 18 and M119. These fuzes are of the arming
vane type and are used in GP bombs and M-series demolition bombs
from 100 to 2,000 pounds, inclusive. 500-pound and 1,000-pound
SAP bombs also utilize these fuzes. They are used for low-altitude
land and sea bombing. Their action on impact is as follows: Ml 18,
4- to 5-second delay; Ml 19, 8- to 11-second delay. The arming time
is approximately 16 turns of the arming vane. This is normally accom-
plished in 80 to 100 feet of air travel.

Description. The Ml 18 and Ml 19 Bomb Fuzes are quick arming
fuzes which may be used for extremely low-altitude bombing against
unarmored or lightly armored targets. They contain delay elements
which give a time delay of 4 to 5 seconds for the Ml 18 Fuze and
8 to 11 seconds for the Ml 19 Fuze to provide time for the plane
to leave the effective area of the bomb blast. The delay element
provides the only difference between the two models. The fuzes
are intended for special tactical missions as auxiliary fuzes in bombs
in which Ml 12, Ml 13, and Ml 14 Tail Fuzes are used. They are
similar in appearance to the M103 and AN-M103 Nose Bomb
Fuzes, differing in that they do not have the reduction gear assembly
in the head, nor do they have instantaneous elements. They are not
detonator safe, for the explosive train is always in line'whether the
fuze is in the armed or unarmed position.

Rotation of the arming vane unscrews the arming screw from the
striker, causing the vane cup to move forward and permitting the
fuze to arm in a manner similar to the arming of the AN-M103 Fuze.
Arming discs between the striker and body of the fuze prevent move-
ment of the striker and firing pin prior to arming. The arming vane
is held in position by a spring vane-holder ring. It is shipped un-
assembled to the fuze. Eyelets in the vane strap which aline with
corresponding eyelets attached to the vane cup are provided for
the arming wire.

Incorporated in each fuze is the explosive element consisting of
primer, igniter, delay, relay, upper and lower detonator, lead charge,
and booster charge. The tail fuzes used in conjunction with these
nose fuzes may have primer detonators of either 4- to 5-second or
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8- to 11-second delay. It is important to use the nose fuze of which
the time delay corresponds with the time delay of the primer
detonator used in the tail fuze.

Function. The bomb is released and the arming wire is retained
in the plane. The arming vane is rotated by the air stream and since
it is directly connected to the arming screw it turns the screw up
and out of the striker. As the arming screw turns in the striker, it
moves the vane cup forward and uncovers the arming discs which
are then ejected by a spring. The fuze is now armed, the striker
which carries the firing pin being prevented by a shear wire from
moving inward.

Upon impact, the striker is forced inward causing the shear wire
to be broken and the firing pin to strike the primer. The flame from
the primer ignites an igniter of red lead and silicon which in turn
functions the delay of lead chromate and silicon of either 4 to 5
seconds (M118 Fuze) of 8 to 11 seconds (M119 Fuze). The flame
from the delay ignites a relay charge of lead azide which detonates
and sends a wave to the detonator (upper and lower) ofjead azide
and tetryl. The wave is then carried to a lead charge of tetryl which in

• turn functions the booster of tetryl, which is a part of the fuze.

FUZE, Tail, M106. This fuze is of the arming pin type and is
used in GP bombs and M-series demolition bombs from 100 to 2,000
pounds, inclusive. This fuze is standard for issue only, and was used
for low-altitude land demolition bombing. On impact, it has a mini-
muni delay of 45 seconds, and it arms instantaneously. It is 9.4 inches
long and weighs 2.38 pounds. It is packed one per fiber container,
50 per box.

Description. The primer, delay element, and detonator are located
in the body of the fuze. The delay of 45 seconds in this fuze is ob-
tained by means of a coiled length of safety fuse incorporated in the
explosive train between the primer and detonator. The striker is
located in the tail end of the fuze and is restrained from moving by
the arming pin. A restraining spring between the firing pin and primer
prevents the striker, which incorporates the firing pin, from moving
forward and resting on the primer after the arming pin has been
ejected. The arming pin has two holes, the outer one for a cotter pin
for shipment, the inner one, which is visible only when a slight
pressure is exerted on the head of the arming pin, for the arming
wire. The entire fuze is unpainted.

Function. The bomb is dropped and the arming wire is retained
in the plane. The arming pin is ejected by the arming pin spring,
arming the fuze. The striker which was held in place by the arming
pin is now free and is prevented from resting upon the primer by a
restraining spring.
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Upon impact, the force of inertia causes the striker to move inward
agaiqst the spring driving the firing pin into the primer. The flame
from the primer ignites a black powder pellet which insures ignition
of the safety fuse. The safety fuse burns from 45 to 60 seconds, at
the end of which time, it ignites a second black powder pellet which
insures functioning of the detonator of lead azide and tetryl. Upon
detonating, the detonator starts a shattering wave which functions
the bomb.

Special features ot the M106. The M106, besides insuring function
of the bomb in the event that the nose fuze fails, is also a special
purpose fuze. It is used for low-altitude land demolition bombing.
When used for this purpose, the nose fuze is made inoperative by
removal of the arming vane or by wrapping the arming wire around
the vane, or by removing the nose fuze entirely. Because it is dropped
from low altitudes, it arms instantaneously and has a long delay in
action on impact to allow the pilot and plane to escape. From low
altitudes, the force of inertia is not great. To insure the fuze's func-
tioning, the M106 has a very heavy striker or plunger, a light restrain-
ing spring, and a very sensitive primer.

It was found in low-altitude bombing that the angle of impact of
the bomb body was almost flat on its side. This tended to break the
tail fuze at the point of entrance into the bomb case or rip it entirely
out of the bomb body. This led to failure of the bomb to function.
An improvement was made to overcome this difficulty. The Ml06
Fuze body was weakened by machining a groove somewhat above
the external threads designed to screw into the bomb body. When
the fuze does snap off, having this groove it will break at that point
where the complete function will not be hindered.

M106A1. The Al modification consists of reducing the action of
impact from a minimum of 45 seconds to 8 to 11 seconds. In all other
features, the fuze is entirely the same. The time of delay and the
fuze model is indicated by black stencil on the side of the fuze
housing, and the outer end of the body is painted white with the
top painted green.

M106A2. For sea bombing, 8- to 11-second delay is too long. The
A2 modification consists of reducing the action of impact from 8 to
11 seconds to 4 to 5 seconds. In all other features, the fuze is entirely
the same as the M106 and M106A1. The time of delay and fuze
model is indicated by black stencil on the side of the fuze housing
and the outer end of the body is painted white with the top painted
yellow.

The M106 with the Al and A2 modifications is standard for issue
only. The Ml 12, Ml 13, and Ml 14 Fuzes as previously described
were designed to replace the M106, M106A1, and M106A2 and were
found much more satisfactory.
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FUZE, Tail, M122.
General. This fuze is of the arming vane type with mechanical

delay. In outward appearance and size, it resembles the M102
Bomb Fuze, having the same reduction gear train. It has, however,
the cocked firing pin assembly of the Ml 14 Bomb Fuze. It is a

. combination, therefore, of two fuzes previously discussed. The primer
detonator is the M16 which has been previously described. It is
used on a modified 2,000-pound GP bomb in conjunction with the
M121 and M4 Destructor which destroys the control units of the
bomb. No further information is available at the present time.

FUZE, Tail, M124.
General. This fuze is a very long delay fuze. It functions from

1 hour to 6 days after impact. It has an ampoule of acetone which
is crushed by the arming stem. The acetone dissolves a celluloid
collar which supports a firing pin. In size, it resembles the M101.
It has incorporated in the fuze an antihandling device which will
function the fuze if an attempt is made to unscrew it from the
bomb body.

This fuze is used on the 500-pound GP bomb, all models; the
500-pound SAP bomb, and the 600-pound demolition bomb which
preceded the GP bombs. It is designed to make immediate repara-
tion of enemy targets that have been bombed extremely hazardous.
It is further designed to provide a demoralizing effect since it will
function if any attempt is made to remove it.

NOTES: Changes in fuze temperature will cause the average'
delay time to vary approximately as follows:
Twnponriim A»»r«»« Tim* It-hour D»tay)
ID*fr»» F) (H*nr<)
110 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
75 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . t . . . . . . . . . . .

45 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
40 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

................................................ 2

.................... ... ......................... 4

................................................ 6
25 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

The firing pin in the fuze is supported by a celluloid collar which .
may be damaged by exposure to high temperature. If the temperature
exceeds 150 F (as indicated by solidification of powder in a green
stoppered vial in the packing box), the fuze must not be used for
low-altitude bombing. If the temperature exceeds 170 F (as indi-
cated by solidification of powder in a red stoppered vial), the fuze
must be destroyed.

Since the glass ampoule in this fuze may break on'impact, with
subsequent functioning, the fuze must be treated as though it cannot
be dropped "safe."
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Assembling the fuze to a bomb.
1. Remove adhesive tape and shipping plug from detonator end of

fuze. In so doing the fuze should be held by body extension and not
by body.

2. Insert holder closing disc (aluminum or copper); holder sealing
washer (lead); and detonator holder assembly in lower end of fuze.
These parts are packed in the wooden block inclosed with each fuze.
Tighten detonator holder assembly with wrench. Since the purpose
of the holder closing disc and sealing washer is to seal the detonator
against the liquid contents of the fuze, considerable torque should
be used to assure proper sealing of the detonator holder assembly.
When properly assembled, the holder sealing washer will be flat-
tened and deformed to a considerable extent. In making this assem-
bly, special care should be taken that the crimp holding the extension
ball in place is not damaged.

3. Remove thumb screw and ball clip. Ball should move freely in
groove. After thumb screw has been removed, every effort should be
made to handle fuze carefully since this fuze will fire if body extension
is backed off approximately %4 inch from the body.

4. After making sure ball will move freely in groove, screw fuze
in bomb as far as possible. Fuze must not be unscrewed during or
after assembly to bomb since unscrewing will cause ball to seize in
adapter and will cause fuze to fire.

5. Arming wire should be inserted in place of arming block cotter
pin before safety pin is removed. Fuze is to be inserted in bomb
immediately before aircraft takes off. Fuzed bombs must never be
stored. •

FUZES, Tail, M123 and M125. These fuzes are exactly the same
as the M124, differing only in the size of the arming stem tube and
bombs for which they are adapted in the same manner as the Ml00,
M101, and M102.

FUZE, Tail, Hydrostatic, AN-Mk. 230.
General. This is an arming vane type of fuze with a mechanical

delay. Upon arming, detents (spring actuated pins) fly out so as to
allow a bellows-like affair to expand under water pressure. It can
function in various prechosen depths, and settings are made by a dial
located on the exterior of the fuze body which operates a spindle
inside the bomb fuze. The spindle varies the compression on the
depth spring. By turning the dial, one of five settings can be ob-
tained; namely, 25-, 50-, 75-, 125-, and 175-foot depths.

In operation, it is somewhat similar to the AN-Mk. 224 discussed
later in the text except that-water pressure forces the initiating
explosive into a stationary firing pin. Only one system of bellows
is used.
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The fuze is used on 500-pound AN-M64 GP, 1,000-pound AN-M65
GP, and 2,000-pound AN-M66 GP Bombs in conjunction with the
Ml 15 Adapter Booster. When using this fuze, the sleeve in the
Ml 15 Adapter Booster must be removed so that the fuze can be
screwed directly into the adapter booster.

Bombs fuzed with the AN-Mk. 230 Fuze are designed to be used
against submarines.

Inspection of Bomb Components.
Bomb body. The bomb body should be inspected for proper paint-

Jng and stenciling, rust spots, and for bent or broken areas. The
shipping plugs should be removed from the fuze cavities and the
cavities should be inspected for cleanliness and for worn or battered
threads. The threads may be gaged for the purpose of insuring free
entrance of the fuzes. The fin lock nut should be present and should
be held in place securely, when the fin is unassembled, by cotter pins
or wires.

Metal shipping bands, when present, should be inspected to insure
that they are firmly attached and that the cotter pin which holds
one of the main bolts in place has its ends spread apart wide enough
so that it will not fall out. The nut holding the second bolt should
be screwed on securely. Paper shipping bands, when present, should
be inspected to make sure tfiat they are firmly attached. The cotter
pin which holds the retainer pin in position should be spread wide
apart. The steel strip which holds the shoe around the paper band
should be so tightened as to allow the shoe to fit securely over
the paper band.

Suspension lugs should be checked for strength of welds to the
bomb body and for any damage which might result in weakened
lugs. They should be gaged by use of a bomb shackle to insure that
they are the correct distance apart and in alinement with each other.

Fuzes. The container should be examined to insure that it is not
damaged and is properly stenciled. The fuze should be free from any
deterioration such as heavy rust or corrosion which might interfere
with the proper function of the fuze and it should be free from any
damage due to rough handling. Cotter pins should be checked for
sufficient spread and for rust or corrosion which would make with-
drawal difficult. AH springs should be examined to make sure that
rust; corrosion, or brittleness does not interfere with their proper
function. In so far as possible, it should be ascertained that all visible
safety components such as arming pins, safety blocks, cotter pins,
and set screws are present. Fuze threads, external and internal, if
present; should be examined to insure that they are not battered,
rusted, worn or burred. Vanes should not be damaged nor distorted.

Arming wire assembly. This should be examined to insure that
the wire is free from kinks, burs, or rough spots. The swivel loop
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should be properly assembled and should be securely fastened. The
arming wire must be checked for brittleness by gripping the ends
and bending in a gentle loop, taking care not to produce kinks. The
wire must be the proper type, thickness, length, and all additional
components to make the assembly complete must be present. When
assembled to the bomb, the arming wire should protrude from the
fuze housing approximately 2Vi inches.

i Fin assembly. The fin assembly must be inspected for any distor-
tion or damage. It should be properly welded and painted. If the
fin assembly is attached to the bomb, it- should be assembled securely
and should be so alined that one blade will be in exact line with the
suspension lugs, or at an angle of 45 degrees with the lugs. If the
fin assembly is not attached to the bomb body, it should be in its
proper metal crate. In the crate should be all the necessary compo-
nents that travel with the fin for that particular assembly. The

x crate should be properly painted and stenciled.

Inspection Area*. An inspection such as the above in which the
components are broken out of the packing should be carried on
at a safe distance taking into consideration various factors in accord-
ance with Ordnance Safety Manual regulations,

BOMB, GENERAL PURPOSE, 100-POUND, AN-M30.
General. The GP and M-series bombs of 100-pound weight have

the same dimensions. The GP is distinguishable from the M-series by
the fact that- it has a base plug in the tail and a single suspension
lug in addition to two Army lugs. The two Army lugs are 14 inches
apart, each 7 inches away from the center of gravity. The single
suspension lug is on the center of gravity 14 inches behind the nose.

U*e. The 100-pound bomb is used on such targets as ammuni-
tion dumps, railway rolling stock, ordinary buildings, supply depots,
grounded planes, and aircraft installations.

Description. The total length of this bomb is 38.5 inches, and the
diameter is 8.2 inches. The weight of the case is 42.1 pounds and the
fins weigh 3.5 pounds. The filler is either 53.3 pounds of 50/50
amatol or 56.6 pounds of TNT. The total weight of the bomb filled
with amatol is 98 pounds, and if filled with TNT it weighs 100
pounds. Percentage of filler is approximately 49 percent.

Fuze*. The AN-M30 Bomb is fuzed in the nose with the AN-M103
Fuze and in the tail with the AN-M100A2 Fuze. Alternate fuzes that
may be used as substitutes or for special purposes are the M103,
Ml 18, or Ml 19 Nose Fuzes, and the Ml 12, M100, M106, or its
modifications, or the AN-M100A1 Tail Fuzes.
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Complete Round Components. A complete round consists of the

following components'or an alternate if permissible:
Loaded AN-M30, GP, 100-pound Case (1)
Nose Fuze AN-M103 (1)
Tail Fuze AN-M100A2 (1)
Fin assembly (1)
Arming wire, type B (1)
Fahnestock clips (2)

BOMB, GENERAL PURPOSE, 250-POUND* AN-M57.
General. The 250-pound bomb replaced the 300 pound, and is

preferred when available. The AN-M57 has a base plug in the tail,
the single suspension lug, and the two Army suspension lugs. The
Army lugs are 14 inches apart, each 7 inches from the center of
gravity. The single suspension lug is on the center of gravity 17.7
inches behind the nose.

Use. Targets suitable for the 250-pound bomb are concentrations'
of railway rolling stock, rail terminals and buildings of similar con-
struction, ammunition dumps, aircraft installations, seacraft such as
submarines, transports, destroyers, etc.

Description. The total length of this bomb is 47.8 inches and the
diameter is 10.9 inches. The weight of the case is 116. 6 pounds and
the fins weigh 6.0 pounds. The filler is either 123.7 pounds of 50/50
amatol or 129 pounds of TNT. The total weight of the bomb filled •
with amatol is 240.9 pounds and if filled with TNT it weighs 262.3
pounds. Percentage of filler is approximately 49 percent.

Fuzes. The 250-pound Bomb AN-M57 is fuzed in the nose with
the AN-M103 Fuze and in the tail with the AN-M100A2. Alternates
or substitutes are exactly as those provided for the 100-pound
AN-M30 Bomb described previously.

Complete, Round Components. A complete round consists of the
following listed components or permissible alternates: <
Loaded AN-M57, GP, Bomb Case (1)
Nose Fuze AN-M103 (1)
Tail Fuze AN-M100A2 (1)
Fin assembly (1)
Arming wire, type B (1)
Fahnestock clips (2)

BOMB, GENERAL PURPOSE, 500-POUND, ANJW43 AND
AN-M64.
General. The 500-pound bomb is made in three models: the M43,

the AN-M43, and the AN-M64. The case and the fin can be consid-
ered the same for the three models; therefore, these bombs are con-
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sidered under one heading because of their similarity in construction
and, use.

The identifying features of the M43 are the tail-base cap and
two Army suspension lugs. This bomb is converted for Navy use
by the Ml Trunnion Band which is shipped as an accessory. The
AN-M43 has the same case as the M43, but is readily identifiable
by the tail-base plug and the addition of the single suspension, lug.

The AN-M64 is practically the same bomb as the AN-M43 having
a tail-base plug. The internal threads are somewhat wider in diam-
eter to receive the Ml 15 Adapter Booster, which results in a slight
change in the fin assembly. It also has two Army suspension lugs
and the single lug. One distinguishing feature is the presence of a
sleeve in the tail adapter booster for Army tail fuzes. The AN-M64,
by utilizing the Ml 15 Adapter Booster, makes it possible to use both .
Army and Navy tail fuzes. The diameter of the Navy fuze is greater
than" that of the Army fuze and therefore requires an adapter of
larger dimensions. To reduce the diameter of the adapter to take
the Army fuzes, a threaded sleeve is screwed into the Ml 15 Adapter
Booster. Bombs using the Ml 15 Adapter Booster are shipped with
the sleeve in place. To make use of the Navy fuze, the sleeve must
be removed with a special stud wrench having two studs which fit
into the two holes in the face of the sleeve.

Use. These bombs are intended for^ destructive effect against such
targets as steel railway bridges, underground railways, seacraft such
as light cruisers, concrete docks, medium size buildings, etc.

Description. The' total length of these bombs is 59.2 inches, and
the diameter is 14.2 inches. The case is 0.3 inch thick and weighs
210 pounds. The explosive filler is either 264.5 pounds of 50/50
amatol or 280 pounds of TNT. The total weight when filled with
amatol is 494 pounds, and if filled with TNT the weight is 508
pounds.

Fuzes. The standard nose fuze used in these' bombs is the
AN-M103 and the tail fuze is the AN-M101A2. Alternates or substi-
tutes are the Ml03, Ml 18, or Ml 19 Nose Fuzes and the Ml 13,
AN-M101A1, M101, M106 (all modifications), or the AN-Mk. 230
Hydrostatic Tail Fuzes.

Complete Round Components. A complete round consists of the
following components or their substitutes:
Loaded M43, AN-M43, or AN-M64 Bomb Case (1)
Nose Fuze AN-M103 (1)
Tail Fuze AN-M101A2 (1)
Fin assembly (1)
Arming wire, type B (1) . .
Fahnestock clips (2)
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BOMB, GENERAL PURPOSE, 1,000-POUND, AN-M44 AND
AN-M65. .
General. The 1,000-pound bomb is made in three models, the

M44, the AN-M44, and the AN-M65. The bomb case and the fin
can be considered the same for the three models; therefore, these
bombs are considered under one heading because of their similarity
in construction and use.

The M44 is identified by the tail-base cap and the' two Army sus-
pension lugs. It is converted to Navy use by the M2 Trunnion Band.

. The AN-M44 makes use of the same case as the M43 but is readily
identifiable by the tail-base plug and the addition of .the single
suspension lug. The AN-M65 is distinguished from the AN-M44
by the sleeve in the Ml 15 Adapter Booster. The Ml 15 Adapter
Booster is used to adapt both Army and Navy tail fuzes. The sleeve
must be removed when Navy fuze is used. Detailed explanation of
the Ml 15 Adapter Booster is given under the AN-M64 500-pound
Bomb.

Use. These bombs are intended for destructive effort aganst such
targets as reinforced'concrete bridges, steel railway bridges, piers,
approach spans, etc.

Description. The total length of these bombs is 69.5 inches and
the diameter is 18.8 inches. The case is 0.35 inch thick and weighs
399 pounds. The fins weigh 21.5 pounds. The filler is 536.6 pounds
of 50/50 amatol or 566 pounds of TNT. The total weight is 939
pounds when loaded with amatol, and 967 pounds when loaded with
TNT. Percentage of filler is 56 percent.

Fuzes. These bombs are fuzed with the AN-M103 Nose Fuze
and the AN-M102A2 Tail Fuze. Alternate or substitute fuzes are
the Nose Fuzes M103, Ml 18, or Ml 19, and Tail Fuzes AN-M102A1,
Ml 14, M106 (all modifications), M102, or the AN-Mk. 230 Hydro-
static Fuze.

Complete Round Components. A complete round includes the
following components or any permissible alternates:
Loaded M44, AN-M44, AN-M65 Bomb Case (1) .
Nose Fuze AN-M103 (1)
Tail Fuze AN-M102A2 (1)
Fin assembly (1)
Arming wire, type B (1)
Fahnestock clips (2)

BOMB, GENERAL PURPOSE, 2,000-POUND, AN-M34 AND
AN-M66.
General. The 2,000-pound bomb is made in three models: the

M34, the AN-M34, and the AN-M66>. The bomb case and the fin
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assembly can be considered the same for the three models; there-
fore, these bombs are considered under one heading because of their
similarity in construction and use.

The M34 is identified by the tail-base cap and two Army sus-
pension lugs. The suspension lugs are 30 inches apart. The AN-M34
has the additional single suspension lug and the tail-base plug. The
single lug is on the center of gravity 33.5 inches behind the nose. The
AN-M66 can be distinguished by'the Ml 15 Adapter Booster, used
to adapt Navy fuzes to Army bombs.

Use. These bombs are intended for destructive effect against such
massive structures as reinforced concrete bridges, dams, battleships,
large skyscrapers, etc.

Description. These bombs are 92.9 inches long with a diameter of
23.3 inches. The case is 0.52 inch thick and weighs 942.5 pounds.
The explosive filler is 1,014 pounds of 50/50 amatol or 1,117 pounds
of TNT. The total weight is 2,045 pounds if filled with amatol, and
2,101 pounds if filled with TNT. Percentage of explosive filler is
54 percent.

Fuzes. These 2,000-pound bombs are fuzed in the nose with the
AN-M103 Fuze, and in the tail with the AN-M102A2 Fuze. Alter-
nates or substitutes for the nose are the Ml03, Ml 18, or Ml 19 Fuze.
Alternate fuzes for the tail are the AN-M102A1, M106 (all modifica-
tions), M102, Ml 14, or the AN-Mk. 230 hydrostatic.

Complete Round Components. A complete round consists of the
following components or their alternates:
Loaded M34, AN-M34, AN-M66 Bomb Case (1)
Nose Fuze AN-M103 (1) , ,
Tail Fuze AN-M102A2 (1)
Fin assembly (1)
Arming wire, type B (1)
Fahnestock clips (2)

BOMB, LIGHT CASE, 4,000-POUND, AJV-M56.
General. This bomb is designated as a light case because it has

an exceptionally thin metal case in order to allow for a high per-
centage of explosive filler. Because of the equipment required to
carry and release this bomb, it has only two Army suspension lugs
30 inches apart Contrary to the other modern bombs previously
described, the tail end is closed with a rear closing cap instead of
a tail-base plug. This is due to the fact that penetration is -not
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desired. This is the largest bomb used by the U. S. forces today,
although larger bombs may be forthcoming as the need arises.

Use. This bomb is intended for use against targets of large area
such as villages, towns, and cities to -produce a tremendous blast
effect. It is familiarly termed a block buster.

Description. The total length of this bomb is 117.2 inches, and
the diameter is 34.2 inches. The case is 0.38 inch thick and weighs
840.3 pounds. It is filled with either 3,240.6 pounds of SO/SO amatol,
or 3,362 pounds of TNT. The total loaded weight is 4,087 pounds
if filled with amatol, or 4,204 pounds if filled with TNT. Percentage
of filler is 77.4 percent.

Fuzes. The L.C. 4,000-pound bomb is fuzed with the AN-M103 in
the nose and the AN-M102A2 nondelay in the tail. Alternates are
the M103 Nose Fuze and the AN-M102A1 Tail Fuze.

Complete Round Components. A complete round is made up of
the following components:
Bomb Case AN-MS6, loaded (1)
Nose Fuze AN-M103 (1)
Tail Fuze AN-M102A2, nondelay (1)
Fin assembly (1)
Arming wire, type B (1)
Fahnestock clips (2)

BOMB, DEMOLITION, 300-POUND, M31.
General. The 300-pound M31 Bomb has been replaced by the

250-pound bomb, but it is still found in service. It is identified by
the rear closing cap and it has only two Army suspension lugs
14 inches apart. ' .

Use. It is used on the same targets as the 250-pound GP bomb
previously described. These targets are concentrations of railway
rolling stock, brick and concrete buildings, aircraft installations, sup-
ply depots, and unarmpred seacraft.

Description. The length of the 300-pound demolition bomb is
51 inches and its diameter is 10.9 inches. The case is 0.2 inch thick
and it weighs 124 pounds. The explosive filler consists of 135 pounds
of 50/50 amatol, or 144 pounds of TNT. Total weight of the bomb •
is 263 pounds when loaded with 50/50 amatol, and 270 pounds when
loaded with TNT. The percentage of explosive filler is 50 percent.

Fuzes. The 300-pound Bomb M31 is fuzed with the Nose Fuze
AN-M103 and the Tail Fuze AN-M100A2. Alternate fuzes are the
M103, Ml 18, or Ml 19 Nose Fuzes and the Ml 12, M100, AN-
M100A1, or M106 (all modifications) Tail Fuzes.
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Complete Round Components. A complete round consists of the
following components or their alternates:
Loaded M31 Bomb Case (1)
Nose Fuze AN-M103 (1)
Tail Fuze AN-M100A2 (1)
Fin assembly (1) .
Arming wire, type B (1)
Fahnestock clips (2)
BOMB, DEMOLITION, 600-POUND, M32.

General. Th« 600-pound bomb has been superseded by the 500-
pound GP bomb. It is identified by the presence of two Army lugs
and a rear closing cap.

Use. It is used on the same targets, as the 500-pound GP bombs
previously described. These targets are light steel bridges, concrete
docks, underground railways, medium sized buildings, light cruisers,
seacraft, and railway terminals.

Description. This bomb has a total length of 61.9 inches and has
a diameter of 15.2 inches. The case is 0.35 inch thick and weighs
265.5 pounds. It has an explosive filler of 319.3 pounds of 50/50
amatol, or 336 pounds of TNT. Total weight of the bomb filled with
amatol is 586 pounds, and if filled with TNT, it weighs 603.5 pounds.
The percentage of explosive filler is approximately 56 percent.

Fuzes. The nose fuze used in the 600-pound bomb is the AN-M103
and the tail fuze is the AN-M101A2. Permissible alternates are the
M103, M118, and M119 Nose Fuzes as well as the M113, M101,
AN-M101A1, and M106 (all modifications) Tail Fuzes.

Complete Round Components. A complete found consists of the
following components or their permissible components:.
Loaded M32 Bomb Case (1) .
Nose Fuze AN-M103 (1)
Tail Fuze AN-M101A2 (1)
Fin assembly (1)
Arming wire, type B (1)
Fahnestock clips (2)

BOMB, DEMOLITION, 1,100-POUND, M33.
General. The 1,100-pound bomb has been replaced by the 1,000-

pound GP bomb, but it may still be found in service. It is identified
by the rear closing cap and it has only two Army suspension lugs
14 inches apart. .

Use. It is used on the same targets as the 1,000-pound GP bombs.
These targets are reinforced concrete and heavy steel bridges, large
reinforced buildings, light armored seacraft, reinforced docks, and
warehouses.
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Description. This bomb has a total length of 71.1 inches and a
diameter of 19.8 inches. The case is 0.43 inch thick and weighs
493.7 pounds. The filler is 588 pounds of 50/50 amatol, or 613
pounds of TNT. The total weight when filled with amatol is 1,083.4
pounds, and when filled with TNT, it weighs 1,113.4 pounds. The
percentage of filler is approximately 54 percent.

Fuzes. Fuzes provided for this bomb are the AN-M103 Nose Fuze
and the AN-M102A2 Tail Fuze. Alternate fuzes are the Ml03, Ml 18,
or Ml 19 Nose Fuze with the Ml 14, M102, AN-M102A1 or M106
(all modifications) Tail Fuzes.

Complete Round Components. A complete round consists of the
following components or permissible alternates:
Loaded M33 Case (1)
Nose Fuze AN-M103 (1)
Tail Fure AN-M102A2 (1)
Fin assembly (1)
Arming wire, type B (1)
Fahnestock clips (2)

DESTRUCTOR M4.
General. The Destructor M4 is a detonating device for use in con-

trol unit boxes of certain planes to destroy their contents completely.
It consists primarily of an explosive block of 2.5 pounds of tetrytol,
an impact type of bomb tail fuze, and accessories for its assembly
and mounting in the control unit.

Description. The main destructor assembly consists of an adapter
into which the fuze fits, and of the explosive block mounted on a
sheet metal support which is bent into the shape of an L. The adapter
is welded in place on the short leg of the L. The explosive block is
strapped in place on the other leg. The adapter and explosive block
are connected* by a length of detonating cord, which is crimped to
the base of the adapter and extends to and through the center of the
explosive block. A wood block having a channel to accommodate the
detonator cord is fastened to the support and protects the detonator
cord.

Complete Round Components. The Destructor M4 consists of the
following components:
Main destructor assembly
Fuze Bomb M121 (tail) with vane assembly
Arming wire assembly
Fuze locking nut

FUZE, Tail, M121 for Destructor. This fuze is of the arming
vane type with mechanical delay. It resembles in outward appearance
and size, the M100 Bomb Fuze having the same reduction gear
train as the M100. It has, however, the cocked firing pin assembly
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of the Ml 12 Bomb Fuze. It is a combination, therefore, of two fuzes
previously discussed. The primer detonator it has incorporated in it,
however, is the M27 Nondelay Primer Detonator which functions
immediately on impact. It is used to function the M4 Destructor
detonating device. On impact, the detonator in the fuze fires the de-
tonator cord which detonates the explosive block of 2.5 pounds of
tetrytol.

FURTHER REFERENCES: All references may be found at the
close of this section.

Chapter 3
Semi-armor-piercing and Armor-piercing Bombs

GENERAL.
Semi-armor-piercing Bombs. Semi-armor-piercing (SAP) and ar-

mor-piercing (AP) bombs are designed to pierce the deck armor of
battleships, heavy concrete structures, and similar highly resistant
targets. SAP bombs have a heavy case of special steel and contain
approximately 30 percent explosive. They are effective against all
but the heaviest deck armor of modern battleships. SAP bombs are
conventional in outline, resembling cylindrical GP bombs but being
somewhat smaller in diameter and longer. The nose fuze seat liner
is generally filled by a steel plug.

Armor-piercing Bombs. Armor-piercing bombs are designed to
penetrate the heaviest deck armor, such as that used on the deck
of a modern battleship. Unlike the rest of our modern demolition
bombs, the armor-piercing bombs are filled with .explosive D. This
explosive is used because armor-piercing bombs are subject to great
shock, and explosive D is very insensitive to shock. 'Armor-piercing
bombs are designed to penetrate the target before function, and
premature function due to a sensitive explosive is therefore unde-
sirable.
• Both the Navy and Army have a series of armor-piercing bombs.
The Army bombs are converted 10-inch, 12-inch and 14-inch sea-
coast mortar deck-piercing or armor-piercing projectiles. The suspen-
sion lugs are attached to the body by means of suspension bands that
surround the circumference of the shell and are bolted in place. A
tail-base plug has been added to adapt the shell for tail adapter
booster, fuze, and fin assembly. These bombs are standard for issue
only.

The Navy bombs are made to be interchangeable for Army or
Navy use. These bombs are standard for issue and manufacture;
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Penetration and Terminal Velocity. GP bombs will penetrate
three to four stories of ordinary buildings. SAP bombs will pene-
trate five to six stories of heavy construction or 2Vi to 3 inches of
armor plate. AP bombs are made to pierce 6 to 7 inches of armor
plate.

The semiarmor-piercing bombs are capable of penetrating mod-
erately armored decks from 12,000-foot altitude in horizontal bomb-
ing, or light armored decks in dive bombing from about 2,500-foot
altitude. There is a small degree of underwater effect from near
misses with the 1,000-pound size, but the effect is negligible with the
500-pound size.

The large armor-piercing bombs are capable of piercing the heavi-
est armor deck from about 12,000 feet in horizontal bombing, or
moderate decks in dive bombing from about 2,500 feet.

In considering the terminal velocity of the above types of bombs,
it was found that at 14,000 feet, planes traveling at 200 miles per
hour dropped bombs producing the following maximum terminal
velocities:

600-700 ft per sec
SAP

750-800 ft per sec
AP

900-950 ft per sec
Armor-piercing Bomb Fuze, Nose AN-Mk. 228.
Genera/. This fuze is designed to be used on armor-piercing bombs

of Navy design such as the 1,600-pound AN-Mk. 1 and the 1,000-
pound AN-Mk. 33. It is of the arming vane type with mechanical
delay having a series of reduction gears to produce the desired delay
in arming. It arms in 900 feet of air travel, and is designed to func-
tion on impact with a delay time of 0.08 second. One auxiliary
booster of 180 grams is required to be used with this fuze. The
auxiliary booster is found in the adapter booster fuze seat located in
the bomb body. The fuze is packed one per can, four cans per crate.

BOMB, SEMI-ARMOR-PIERCING, 500-POUND, AN-M58.
General. This bomb is of the cylindrical type and has a box type

fin. It contains approximately 154 pounds of high explosive and is
adapted for both nose and tail fuzes, although the nose fuze seat
liner contains a steel plug instead of a fuze. The tail-fuze cavity is
kept free of foreign matter by means of an adapter plug. This bomb
can be identified by the sharply pointed nose and pointed nose plug.
It has two Army suspension lugs 14 inches apart and a single suspen-
sion lug at the center of gravity. It utilizes a tail-base plug as the
GP bombs do. "

Use. The 500-pound AN-M58 SAP Bomb is designed to pierce
armor plate, reinforced concrete construction, and similar resistant
targets. • .
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Description. The total length of the 500-pound SAP bomb is
57.9 inches and the diameter is 11.9 inches. The case is 0.75 inch
thick and weighs 310 pounds. It is filled with 154 pounds of 50/50
amatol, or 159 pounds of TNT. Total filled weight is 466.5 pounds
if amatol is used, or 471.5 if TNT is used. The percentage of ex-
plosive filler is approximately 32 percent.

Fuses. Standard fuzes used are, none in the nose and the AN-
M101A2 in the tail. For special purposes or as substitutes, Alternate
Fuzes M103, AN-M103, M118, and Ml 19 are used in the nose while
the AN-M101A1, M101, Ml 13, and M106 (all modifications) are
supplied for the tail.

Complete Round Components. The following components are
provided to make up a complete round:
Bomb Case AN-M58, loaded (1)
Tail fuze AN-M101A2 (1)
Fin assembly (1)

.Arming wire type A (1)
Fahnestock clip (1)

BOMB, SEMI-ARMOR-PIERCINC, AN-MS8A1.
General. This bomb was designed to replace the AN-M58 which

was found to lack necessary penetrating power to be effective.
The AN-M58A1 is the same as the AN-M58 except for a heavier

nose. Added to the nose was 27.5 pounds of steel. This replaced 5.5
pounds of amatol in order to give the bomb more penetrating power.
This bomb is S & M. The AN-M58 is S.

Comparison With the 500-pound GP Bomb.
Use. The SAP bomb is used against more resistant targets than the

GP bomb.
Shape. Both bombs are cylindrical; however, the diameter of the

SAP bomb is much narrower (11.9 inches as compared to 14.2
inches) and the nose portion is more pointed.

Percentage of filler. Although the filler is the same, the percentage
varies. The SAP carries approximately 30 to 33 percent of explosive
filler, whereas the GP carries approximately 50 to 55 percent of
explosive filler.

Bomb case. The SAP bomb case is made of special steel and is
much heavier and thicker (0.75 in. as compared to 0.3 jn.) than the
corresponding GP bomb.

Fuzes. The SAP bomb, although it has the conventional fuze seat
liner in the nose, is usually provided with no nose fuze but has a
steel nose plug to aid in penetration. It can utilize a nose fuze in
place of the steel plug. If it were to employ a nose fuze, this bomb
could be effectively used as a large fragmentation bomb.

Ann
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Arming wire. As it usually employs only a tail fuze type A, arming
wire 0.064 inch in diameter is shipped as a component of the com-
plete round ,whereas the GP bomb utilizes a type B arming wire.

Auxiliary booster. The SAP bomb employs merely a tail auxiliary
booster, whereas at the present time (although a change may be
forthcoming) the GP bomb employs both a nose and tail auxiliary
booster.

Other features. In all other features except size, the two bombs are
alike. Both utilize a tail-base plug instead of a rear closing cap and
a box type fin held firmly in place by a fin lock nut. The adapter
booster in the SAP bomb is always the M102 whereas in the GP
bombs either the M102 or the Ml 15 Adapter Booster is employed,
depending on the model of the bomb.

BOMB, SEMI-ARMOR-PIERCING, 1,000-POUND, AN-M59.
General. This bomb is similar except in size to the 500-pound

SAP bomb previously described. It is cylindrical in shape and has a
box type fin. It has approximately 307 pounds of high explosive and
is adapted for both nose and tail fuze, although the nose fuze adapter
(fuze seat liner) contains a steel plug instead of a fuze. The tail fuze
cavity is kept free of foreign matter by an adapter plug or shipping
plug. This is the largest bomb of the semiarmor-piercing type. It has
the Army lugs 14 inches apart, one single suspension lug at the
center of gravity, and a tail-base plug in the same manner as the
GP bombs.

Use. This bomb is used against heavily reinforced buildings, docks,
bridges, and seacraft.

Description. The total length of this bomb is 70.4 inches and the
diameter is 15.1 inches. The case is 0.75 inch thick and weights 661
pounds. It is filled with 307 pounds of 50/50 amatol, or 318 pounds
of TNT. The total loaded weight is 971 pounds with amatol, or 990
pounds with TNT filler. Percentage of filler is approximately 31
percent.

Fuzes. Fuzes provided for the 1,000-pound SAP bomb are the
standard AN-M102A2 Tail Fuze with no nose fuze; however, alter-,
nates are the Nose Fuzes M103, AN-M103, Ml 18, and Ml 19, with
Tail Fuzes AN-M102A1, Ml02, Ml 14, and M106 (all modifica-
tions).

Complete Round Components. A complete round consists of the
following components or their alternates:
Bomb Case AN-M59, loaded (1)
Tail Fuze AN-M102A2 (1)
Fin assembly (1)
Arming wire, type A (1)
Fahnestock clip (1)
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BOMB, ARMOR-PIERCING, 1,000-POUND, M52.
General. The 1,000-pound armor-piercing bomb is a converted 12-

inch mortar shell. The modifications included the removal of the base
fuze and the incorporation of a tail-base plug which adapted the
shell to receive a tail adapter booster, the MI'10, and a box type fin
assembly by means of a coupling extension and fin lock nut. The fin
lock nut holds the fin assembly around the bomb body in the same
manner as described for the GP bombs, except that the threads to
seat the fin lock nut are provided by the coupling extension.

Attached to the bomb body are two suspension bands which pro-
vide the lugs for double suspension. These bands fit around the cir-
cumference of the shell and are bolted in place. For dive bombing
purposes, the Trunnion Band M3A1 was included in the complete
round. The final addition was a type A arming wire assembly .064
inch in diameter for use in the tail fuze. This bomb can be identified
by the blunt mild steel pellet on the nose.

Description. Total length of this bomb is 70.88 inches and the
diameter is 12 inches. The case is 2.3 inches thick and weighs 983
pounds. It is filled with 58.35 pounds of explosive D, bringing the
total weight to 1,077 pounds. Percentage of explosive filler in this
bomb is 5.4 percent. ' '

Fuzes. The bomb is fuzed with the Tail Fuze AN-M102A2. There
is no nose fuze. Substitute fuzes are the AN-M102A1 and M102fTaiI
Fuzes.

Complete Round Components. A complete round consists of the
following components or permissible substitutes:
Covered Mortar Shell M52, 1,000-pound, loaded (1)
Suspension bands (2)
Tail Fuze, AN-M102A2 (1)
Fin assembly (1)
Arming wire, type A (1)
Fahnestock clip (1)

The Al Modification. The 1,000-pound AP Bomb M52A1 differs
from the M52 only in that it has a new adapter booster which has a
greater tetryl booster charge.

BOMB, ARMOR-PIERCING, 900-POUND, M60.
General. This bomb is a converted 12-inch mortar shell. Its mod-

ifications in general are the same as that previously described for the
AP, 1,000-pound, M52 Bomb.

Description. Complete length of this bomb is 61.72 inches and the
diameter is 12 inches. The case weighs 807.74 pounds and is filled
with 43.34 pounds of explosive D to bring the total weight of the
bomb to 899 pounds. Percentage of filler is approximately 5.5 percent
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Fuzes. The standard for this bomb is the AN-M 102 A2 Tail Fuze.
Alternates are the AN-M102A1 and M102 Tail Fuzes.

Complete Round Components. A complete round consists of the
following components or alternates:
Converted Mortar Shell M61, loaded (1)
Suspension bands "(2)
Tail Fuze AN-M102A2 (1)
Fin assembly (1) •
Arming wire, type A (1) *
Fahnestock clip (1)

BOMB, ARMOR-PIERCING, 800-POUND, M61.
General. The M61 Bomb is a converted 12-inch mortar shell. In

general, the modifications involved are the same as those in the AP,
1,000-pound, M52 Bomb. It can be identified by its extremely blunt
nose and threads for a windshield.
. Description. Total length of this bomb is 58.72 inches and the
diameter is 12 inches. Weight of the empty case is 787.28 pounds.
The filler is 32.68 pounds of explosive D, bringing the weight of the
complete round to 853 pounds. Percentage of filler is approximately
3.8 percent.

Fuzes. The standard fuze for this bomb is the Tail Fuze AN-
M102A2 with the AN-M102A1 and M102 as alternates.

Complete Round Components. A complete round consists of the
following components or permissible alternates:

. Converted Mortar Shell M61, loaded (1)
Suspension bands (2)
Tail Fuze AN-M 102A2 (1)
Fin assembly (1)
Arming wire, type A (1)
Fahnestock clip (1) ' •

BOMB,. ARMOR-PIERCING, 600-POUND, M62.
General. This bomb is a converted 10-inch shell. Its modifications

in general are the same as those previously described for the AP,
1,000-pound, M52 Bomb. It can be identified by the sharply tapering
nose windshield. ' •
'Description. The total length of this bomb is 62.06 inches and Us
diameter is 10 inches. Weight of the empty case is 575 pounds. Filled
with'33.61 pounds of explosive D, the complete round weighs 634
pounds. The percentage of filler is approximately 5.2 percent. ; :

Fuzes." This bomb is fuzed with the AN-M 102A2 Tail Fuze, and
the AN-M 102A1 and M102 are provided as alternates.
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Complete Round Components. A complete round consists of the
following components:
Converted AP Shell M62, loaded (1)
Suspension bands (2)
Tail Fuze AN-M102A2 (1)
Fin assembly (1)
Arming wire, type A (1)
Fahnestock clip (1)

Al and A2 Modifications. The 600-pound AP Bomb M62 used the
MHO Adapter Booster. The M62A1 utilizes the Ml 13 Adapter
Booster, whereas the M62A2 incorporates the Ml 14 Adapter Booster.
In general, the bombs are the same in all other respects.

BOMB, ARMOR-PIERCING, 1,400-POUND, M63.
General. This bomb is a converted AP shell which weighs approx-

imately 1,400 pounds. Its modifications in general correspond to those
described for the AP, 1,000-pound, M52 Bomb.

Description. The total length of this bomb is 69.1 inches and the
diameter is 14.0 inches. It is filled with 35 pounds of explosive D and
weighs, 1,412 pounds. Percentage of explosive filler is approximately
2.5 percent.

Fuzes. The standard for this round is the Tail Fuze AN-M102A2.
Alternates are the AN-M102A1 and the M102 Tail Fuzes.

Complete Round Components. The complete round consists of
the following components:
Converted AP Shell M63, loaded (1)
Suspension bands (2) -
Tail Fuze AN-M102A2 (1)
Fin assembly (1)
Arming wire, type A (1)
Fahnestock clip (1)

BOMB, ARMOR-PIERCING, 1,600-POUND, AN-MK. 1.
General. This bomb was designed by the Navy and is inter-

changeable between the Army and Navy. It is standard for issue and
manufacture. It is cylindrical in shape and has a pointed nose,
tapered tail, and box type fin assembly.

Uses. It is designed to penetrate the heaviest horizontal armor
of combatant ships and detonate below deck. It should not be em-
ployed against unarmored or lightly armored craft, as the fuze delay
may permit the bomb to pass completely through the phip before
detonating. Due to the thickness of the walls of this bomb, the ex-
plosive cavity is small compared to that of GP bombs and it has
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not as great an underwater effect for a near miss. It is adapted for
tail fuze only.

Models. There are three modifications of this bomb which differ
principally in the method of attachment of suspension accessories.

The Mark I has two suspension bands and one hoisting band, each
of which is located by a stud on the inner surface of the band engag-
ing a recess in the bomb body.

The Mark I or AN-Mk. I (early lot) has two suspension bands
and one hoisting band, each of which is located by a shallow groove
machined in the bomb case. (Five grooves are provided, the outer
pair for locating the bands for 30-inch racks and the next pair to
locate the bands for the 14-inch racks, the center groove for locating
the hoisting band.)

The AN-Mk. I of current design has blind holes drilled and tapped
in the bomb case. Suspension lugs, hoisting lugs and bolts, therefore,
as well as trunnions, are packed in the fin crate for attachment as
required. A guide key is also furnished for use when using torpedo
sling suspension. The vane stop fork is not fitted to the tail of the
AN-Mk. I Bomb; instead, an Arming Bracket Mk. I is attached to
the fuze.

Suspension for dive bombing is provided by a combination hoist-
ing and trunnion band for the Mk. I and Mk. I-Mod. 1. For the AN-
Mk. I, the trunnions screw into the holes in the bomb case.

Description. The length of this bomb is 83.5 inches and the di-
ameter is 14 inches. The total weight of this bomb when/loaded with
228 pounds q( explosive D is 1,613 pounds. Percentage of filler is
14.1 percent.

Fuzes. Fuzfs provided for this bomb are the standard AN-Mk.228
Tail Fuze or its substitute, the AN-Mk.28 Mod. 1.

Complete Round Components. A complete round consists of the
following components:
Bomb body, including:

Filler
Auxiliary booster
Adapter
Fin lock nut
Suspension bands (or suspension lugs and bolts)
Hoisting band (or hoisting lugs and bolts)

Arming Bracket, Mk. I (packed with fin assembly)
BOMB, Fuze, AN-Mk.228, Mod. 1 (tail)
Fin assembly
Trunnion band (or threaded trunnions, for dive bombing)
Arming, wire, assembly
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BOMB, ARMOR-PIERCING, 1,000-POUND, AN-Mk. 33.
General. This bomb is at the present time the latest armor-piercing

bomb designed by the Navy for joint Army and Navy use. It is
standard for issue and manufacture. It is cylindrical in shape and
has a pointed nose, tapered tail, and box type fin assembly. •

Uses. Similar to the 1,600-pound armor-piercing bomb, it is de-
signed to penetrate heavy horizontal armor plate of combatant ships
and to detonate below deck. It should not be employed against un-
armored or lightly armored craft as the fuze delay may permit the
bomb to pass completely through the ship before detonating. Due
to the thickness of the walls of this bomb, the explosive cavity is
small compared to that of the GP bombs and it has not as great
an underwater effect in case of a near miss. It is adapted for a tail
fuze only.

Bomb Body Description. The bomb body is of the same design
as the 1,600-pound AN-Mk. I AP Bomb.

It is cylindrical in shape with a slightly tapered tail .and a round
nose ending in a sharp point. The nose portion of the bomb is solid,
bringing the total weight of the empty bomb to between 800 and 825
pounds. The rear portion is threaded to receive a tail-base plug in
the same manner and for the same purpose as that found in the GP
bombs. Drilled and tapped in the bomb body are blind holes pro-
tected by shipping plugs threaded into these holes. Approximately 29
inches from the nose will be found four blind holes for the first of
the double suspension lugs. When assembled, the shipping plugs are
removed by means of a screwdriver and the suspension lug is then
securely attached by means of four screws which are safety-wired
in place. Fourteen inches from the first set of holes will be found a
second set of four blind holes for the second suspension lug. Between
these two sets of holes are two more blind holes for attachment of
a hoisting lug. The body will also have two blind holes on opposite
sides into which trunnions are threaded. Opposite the hoisting lug
will be found the final series of holes to receive the single suspension
lug or guide key. Guide keys are provided for longitudinal bracing
of the bomb when suspended by slings in the torpedo position, for
example in Navy TBD and TBF planes.

A box type fin assembly is provided which seats around a ma-
chined-down portion at the tail end of the body. It is held in place
by a fin lock nut which screws around the tail-base plug. The fuze
used is the AN-Mk.228. It utilizes an arming bracket over the fuze
which alines with suspension lugs in the same manner as described
for the 1,600-pound AP AN-Mk. I.

Description. Total length of this bomb is 73.0 inches and the di-
ameter is 12.0 inches. Weight of the bomb complete with a filler of
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146* pounds of explosive D is 1,004 pounds. Percentage of filler is
approximately 14.5 percent. ,

Fuzes. The standard fuze for this bomb is the AN-Mk. 228 Tail
Fuze. Alternate or substitute fuzes are the AN-Mk.28, Mod. 1 or the
Mk. 28 Tail Fuze.

Complete Round Components. A complete round consists of the
following components:
Bomb Case AN-Mk.33, 1,000-pound, loaded (1)
Tail Fuze, AN-Mk.228 (1)
Fin assembly (with lugs, keys, trunnions, and screws) (1)
Arming wire, type A (1)
Fahnestock clip (1)

FURTHER REFERENCES! A complete list of references dealing
with bombs may be found at the close of the final chapter of this
section.

Chapter 4
Depth Bombs

GENERAL.
Depth bombs were used by the Navy for a considerable length

of time before their adoption by the Army. This is very natural, of
course, since depth bombs are designed for use entirely against
watercraft. After the introduction of the policy to make bombs
interchangeable between the Army and Navy, the Army became
concerned about depth bombs. Those designated as AN are very
similar in operation and construction to one another.

Depth Bomb, FUZE, Transverse, HyrtYosIalic, AN-Mk. 224.
General. This fuze is designed to function in response to hydro-

static pressure at a predetermined depth. As issued, the fuze is set
for a depth of 50 feet, but this setting may be changed for 25, 75,
100, or 125 feet. The fuze is installed in a transverse fuze cavity just
forward of the bomb center.

Description. The fuze is issued in three subassemblies: pistol,
booster, and booster extender. When assembled to the bomb, the fuze
protrudes slightly on both sides and requires a section of arming
wire for each end. Both sections of arming wire must be withdrawn
in order to permit the fuze to operate.
. . 623
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RA PD 2I»

Figure 245 — FUZE, Bomb. AN-Mk. 219

The fuze is approximately 3.6 inches in diameter and 16.6 inches
in length when completely assembled. When inserted into the bomb
body, the pistol assembly is bolted to one side of the bomb and the
extender is bolted to the opposite side.

The explosive train for this fuze is interrupted by the primer as-
sembly being held out of alinement with the detonator assembly and
both of these assemblies being out of line with the firing pin and
subbooster. The primer assembly is located in a sliding wedge which
is under a spring load, with a similar sliding wedge containing the
detonator assembly under a spring load in the opposite direction.

The booster extender assembly contains a bellow-shaped hydro-
static piston, an extender base, and extender pin. The extender pin,
having a small groove milled in it, is held, by means of three locking

KA ro JIM
figure 246 — FUZE. Bomb, Hyt/ro.rof/c, AN-Mk. 224
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Figure 247 — FUZE, Bomb, Hydrostatic, AN-Mk. 224—Tronsvtrte
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balls which are 120 degrees apart, to an extender pin guide piece
which has three corresponding holes to receive the locking balls and
keeps the locking balls in position by means of a sleeve. Movement
of the guide piece is counteracted by an extender spring which fits
around the guide piece. An arming pin or jump-out pin prevents
movement of the extender pin and, therefore, prevents movement of
the booster extender assembly when the fuze is in the unarmed
position.

The pistol assembly contains a hydrostatic piston which is also
bellow shaped, a pistol base, and firing pin. The firing pin at its upper

.end has a small groove milled in it and is held, by means of two
locking balls 180 degrees removed, to a firing pin guide piece which
has two corresponding holes to receive the locking balls. The firing
pin guide piece is covered by a sleeve which is part of the pistol base.
Between the pistol base and the firing pin will be found a main
spring and, if the depth setting so requires, an auxiliary spring, tend-
ing to counteract water pressure.

The pistol base at the top portion ends in a protrusion known as
the pistol pin. Inserted into the pistol pin is an arming pin or jump-
out pin which prevents the entire pistol assembly from operating
when the fuze is in the unarmed position. The entire pistol assembly
is encased in a mechanism casing which can be removed to change or
add depth springs so as to vary the depth setting.

#

Function. The bomb is dropped and the arming wire is retained in
the plane. The arming pins,are ejected by their springs freeing the
pistol pin and extender pin, and arming the fuze.

As the bomb sinks, water enters the inlets in the fuze and flows
into the hydrostatic pistons and water pressure equalizing tube thus
putting uniform pressure at opposite ends of the fuze. This pressure
tends to force the pistol base and extender base toward the center
of the fuze.

Considering the booster extender assembly, water pressure acts on
a hydrostatic piston and extender base forcing the two, which are di-
rectly attached and therefore act as a unit, to move toward the center
of the fuze (the piston merely expanding and acting as the water
carrier). The extender pin, being directly attached to the extender
base, carries with it the extender pin guide piece by means of three
locking balls. The guide piece compresses the extender spring. The
extender spring therefore counteracts the pressure created by the
water and in so doing slows down the movement of the extender
base. As this movement continues, the locking balls reach a recess
in the sleeve, which is found between the guide piece and spring. The
locking balls fall into this recess and free the extender pin from
the guide piece and, therefore, from the extender spring. The water

626

.1. /

BOMBS FOR AIRCRAFT

pressure no longer being counteracted by the extender spring quickly
drives the extender base and pin toward the center of the fuze. This
occurs before a depth of 25 feet is reached.

The movement of the extender base serves to move the booster
assembly to which the base is attached by threads toward the center
of the fuze. The booster assembly at its lower end has a funnel-
shaped opening which, as it moves toward the center of the fuze,
forces the primer detonator holders to act against their springs bring-
ing the primer and detonator into the armed position or in line with
the firing pin. The booster assembly also carries the subbooster and
booster charge into close position with the detonator so as to effec-
tively receive the detonating wave.

Considering the pistol assembly, water pressure acting through a
hydrostatic piston causes the pistol base with its sleeve to move
toward the center of the fuze. In so doing, the pressure of the water
is counteracted by a main firing pin depth spring and an auxiliary
depth spring, if present. The greater the tension of the depth spring
or springs, the more is the water pressure required to move the pistol
base, with the sleeve, inward. As the sleeve moves inward, the two
locking balls which hold the firing pin to the guide piece are almost
uncovered. It is prevented from moving any farther by the mech-
anism casing. The firing pin guide piece due to the pressure pro-
duced by the water at the extender is forced toward the pistol end
of the fuze. The locking balls are uncovered and fall into the recess
of the pistol base and release the firing pin.

The firing pin is now driven by its compressed main spring into a
primer which ignites. The flame from the primer ignites the deto-
nator which starts a wave to function the subbooster. The subbooster
of tetryl functions the booster.

Depth settings. There are five possible depth settings which may
be obtained with this fuze, namely: 25, 50, 75, 100, and 125 feet.
Unless otherwise marked, the fuze as issued will fuiiction at 50 feet.
This may be changed by the1 insertions of the appropriate springs
which are supplied in the can in which the fuze is packed. There are
four springs supplied in all. Two of these are main springs, one being
a 25-foot depth spring and the other a 50-foot depth spring. One or
the other must be used, never both, in all depth settings because the
width of these springs (Vi inch) allows either one to fit over and
around the firing pin. The two auxiliary springs give additional depth
settings of 25 and 75 feet and must be used for depth settings over 50
feet. The diameter of these springs is 3A inch so as to allow them
to fit around the main springs. These auxiliary springs are too wide
in diameter to fit over and around the firing pin, and must be used in
conjunction with a main spring. The springs are painted different '

627



TM 9-1904

AMMUNITION INSPECTION GUIDE

colors to differentiate between them. The depth settings and how
each is obtained may be summarized in the following table:

D«pfk S«HI«f

25 ft

50 ft

75 ft

100 ft

125 ft

Main Sprint

25 ft

50 ft

50 ft

25 ft

50 ft

AuillUrjr Spring

None
None

25 ft

75 ft

75 ft

Color ol
Sprl««

Yellow
Black

Black (main)
Green (aux.)

Yellow (main)
Red (aux.)

Black (main)
Red (aux.)

Olom«l*r
•f Spri*«

Viin.
Vain.
Viin.
3/4 in.
Vaia
% in.
'/.in.
'/Vin.

Change of depth setting. To change depth settings of this fuze pro-
ceed as follows:

Unscrew primer detonator holder after forcirfg counterclockwise
by hand to break staking.

Remove set screw in mechanism casing and unscrew casing from
pistol carrying flange.
• Remove guide piece, firing pin, and locking balls as a unit from
hydrostatic piston bushing exposing the spring cavity.

For function at 25-foot depth, remove the black spring and sub-
stitute the yellow spring.

To function at 75-foot depth, leave the black spring in place and
insert the larger green spring over it.

For function at 100-foot depth, remove the black spring and in-
sert the small yellow spring, and over it, the larger red spring.

For 125-foot depth, use the black spring and the red spring.
Assemble firing pin and locking balls in guide piece and insert as

a unit into the hydrostatic piston bushing, resting the firing pin on
the 0.5-inch spring.

Assemble the mechanism casing to the pistol carrying flange, tak-
ing care that the guide pin enters the hole in the guide piece. Screw
mechanism casing home and replace the set screw.

Reassemble primer and detonator holder to guide piece, taking
care that end of firing pin is centered. Screw tightly home and stake
by means of a suitable tool.

Mark pistol head to indicate depth setting. If the fuze is repacked,
mark the packing can and data card as well.

Modifications. The late modification 1 fuze and the newer modifi-
cation 2 fuze have certain differences as described below:

In ari effort to make the fuzes watertight .and to adapt them to
628
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(-PRIMER AND DETONATOR HOLDER
- SET SCR

MECHANISM CASING
PISTOL CARRYING FLANGE

PISTOL DISASSEMBLY, PRIMER AND
DETONATOR HOLDER REMOVED

HYDROSTATIC PISTON'
PISTOL CARRYING FLANGE

MECHANISM CASING REMOVED

/ GUIDE PIECE

LOCKING BALlf

GUIDE PIECE AND FIRING PIN ASSEMBLY REMOVED «A fo mr
. Figure 248 — Disassembly of Pistol for Insertion of

Auxiliary Depth Spring, FUZE, AN-Mk. 224
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a new type packing container, the design of the jump-out pin was
altered so as to fit into the fuze body proper without the pin protrud-
ing from the circumference of the fuze.

All of the water ports leading into the fuze were eliminated except
the jump-out pinhole which acts as the water port after the emission
of the jump-out pin. This jump-out pin is designed with a rubberized
extender washer-like affair near the outer end, which fits up against
the surface of a shoulder in the jump-out pinhole making the fuze
watertight.

Instead of two holes through the jump-out pin, there is now but
one. This makes it only possible to insert either a cotter pin or an
arming wire at one time. It is therefore necessary to apply pressure
to the end of the jump-out piri in order to prevent it from flying out
during the interval between the time the cotter pin is removed and
the arming wire is inserted.

As an aid to accomplishing the withdrawal of the cotter pin and
the insertion of the arming wire, a special tool is used which has been
designed to hold the jump-out pin in place.

Packing. This fuze is packed as three subassemblies: pistol, booster,
and booster extender are in a sealed metal container which contains
auxiliary springs and 12 screws for attaching the fuze to the bomb.
Four such containers are packed per metal crate or box.

Depth Bomb, FUZE, Transverse, Hydrostatic, AN-Mk. 234. The
AN-Mk. 234 recently designed will replace the AN-Mk.224. This new
fuze is designed to allow for depth settings which can be varied from
the outside of the fuze without the necessity for disassembling the
fuze and changing springs. This fuze will also utilize the special tool
which is a modification of a screwdriver to hold the jump-out pin
in place when the cotter pin is removed and the arming wire is in-
serted.

Depth Bomb, FUZE, Nose, AN-Mk. 219.
Genera/. This fuze is an arming vane type with mechanical delay.

It arms in 600 to 850 feet of air travel or about 6 seconds, and func-
tions on impact with water or any denser medium with instantaneous
action.

The fuze is shipped with an adapter so that when fuze and adapter
are assembled, they will fit in the fuze cavity in the nose of the depth
bomb.

Two booster pellets each containing 180 grams of TNT are
shipped in place in the bomb in the booster cavity.

The fuze is packed one per metal container which is sealed by a
soldered metal tear strip.

Use. This fuze is standard for Navy demolition bombs and in a spe-
cial purpose fuze for the depth bomb when surface demolition or
blast effect is desired with this bomb.

TM 9-1904
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Depth Bomb, FUZE, Nose, AN-Mk. 221.
General. This fuze is an arming vane type with mechanical delay.

It arms in 800 to 1,100 feet of air travel and functions on impact
with water or any denser medium with a delay of 0.01 second.

This fuze differs from the AN-Mk. 219 in the following main fea-
tures:

A delay of 0.01 second is incorporated in the explosive train of
the fuze.

The fuze body itself is threaded to be screwed into the fuze cavity
of the depth bomb, consequently no adapter is used.

When this fuze is used, only one 180 gram TNT booster pellet is
used in the fuze cavity, another must be removed before assembling
of the fuze to the bomb.

Use. This fuze is standard for Navy demolition bombs and is a
special purpose fuze for the depth bomb where blast effect is de-
sired. For all normal usage, a hydrostatic fuze will function the depth
bomb. Due to the fact that depth bombs are light case construction,
the use of this fuze with its incorporated delay of 0.01 second is not
recommended as the case may break before the fuze will function.

Models AN-Mk. 221 not antisubmarine. This includes AN-Mk. 221
and AN-Mk. 221M1 except lots 21, 22, 23 and AN-Mk. 221M3 and
M4. These models are all the same being only slightly changed from
the AN-Mk. 221 Fuze and are manufactured by different concerns.
The AN-Mk. 221. will arm in approximately 850 feet air travel. All
these fuzes will function, if dropped from 2,000 feet or higher, on
impact with water.

Models AN-Mk. 221 antisubmarine. This includes AN-Mk. 221M1
lots 21, 22 and 23 and AN-Mk. 221M2. These fuzes were modified to
be inoperative on water impact when released from less than 7,000
feet altitude. The AN-Mk. 22M1 are marked "A.S." fuzes if they are
of the antisubmarine lots. All of the AN-Mk. 221M2 are built the
same way, and therefore there is no need to mark these "A.S."

Depth Bomb, FUZE, Tail, Hydrostatic, AN-Mk. 229M1.
General. This is an arming vane type of fuze with mechanical de-

lay. Upon arming, detents (spring actuated pins) fly out so as to
allow the bellows to operate. It is a tail fuze and when armed it
functions on water pressure. Depth setting is made by a dial located
on the exterior of the fuze body which operates a long spindle in the
interior of the bomb fuze. This varies the compression on the depth
spring. By turning the dial, one of five settings can be obtained,
namely: 25-, 50-, 75-, 125-, and 175-foot depths.

In operation, it is somewhat similar to the AN-Mk. 224 except that
water pressure forces the initiating explosive into a stationary firing
pin with only one system of bellows. The AN-Mk. 230 used on the
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new GP bombs resembles this fuze; however, it is smaller in diameter
and has different threads to fit the GP bombs.

Actually there are no AN-Mk. 229 (no mod.) Fuzes in service. Only
the AN-Mk. 229 Mod. 1 Fuzes have been issued for service use.

BOMB, DEPTH, 325-POUND, AN-MK. 17M1.
General. This bomb is a light case bomb which is intended for use

primarily against submarines but with special fuzing may be used'
for demolition effect on surface craft. It weighs 325 pounds of which
243 pounds or 75 percent is high-explosive filler.

Description of the Bomb Body. The body of the bomb is con-
structed from '/, g-inch sheet metal with a well rounded nose and a flat
recessed base. The nose end of the bomb is adapted to receive the
adapter for the AN-Mk. 219 Fuze or the AN-Mk. 221 Fuze directly.
These fuzes are used only when blast effect is desired.

Approximately 1 foot behind the nose of the bomb, a cavity passes
through the bomb body from one 'side to the opposite side. This
cavity is known as the transverse tube and serves as the housing for
the AN-Mk. 224 Hydrostatic Fuze. The bomb is shipped unfuzed
with suitable plugs and plates protecting the fuze cavities. These cavi-
ties are swabbed with gun slushing or rust-preventive compound and
must be cleaned of this and other foreign matter before a fuze is
assembled.

Welded to the top of the bomb body with the first lug approxi-
mately Vi inch behind the end of the ogive of the bomb and the
second lug 14 inches further to the rear, are dual suspension lugs
which permit the suspension of this depth bomb in the standard
Army B-7 shackle.

A hoisting lug is approximately 6 inches behind the first lug and
in line with both lugs. This hoisting lug is simply an L-shaped piece
of metal with its base welded to the bomb body and along the long
axis of the bomb. This lug protrudes from the body approximately 1
inch and it is designed to accommodate the hoisting hook of the Navy,
portable bomb hoist

If the bomb is to be used in an Army bomber requiring the use .
of the B-7 shackle, then this L-shaped Navy hoisting lug must be
gently pried to one side or it will interfere with the operation of the
B-7 shackle. The lug may be bent to one side and out of alinement
with the B-7 shackle by the insertion of a piece of drill rod into the
hoisting hole and applying a bending force to the lug. Under no con-
dition may a hammer or similar instrument be used to pound the
lug to one side.

If this bomb is to be suspended from the belly of certain planes,
the single suspension lug will be used. This lug is located 180 degrees
away from the hoisting lug and at the approximate center of gravity
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of the bomb. This lug is 4 inches wide and protrudes from the bomb
body approximately 1.6 inches.

Approximately eight inches to the rear of the suspension lug is lo-
cated a small metal protrusion which serves as a seat for the steady-
ing forks of the Mk. XLI Bomb Rack. This metal protrusion i* 3
inches wide and protrudes from the bomb body 0.7 of an inch.

Description of Tail Fin Assembly. Assembled to the rear of the
bomb body by eight bolts is the tail fin assembly. The tail fin assem-
bly consists of a frustum (bottom half) of a cone, 15 inches in diam-
eter at the base, 4.35 inches in diameter at the top, and approximately
22 inches long. The base of the frustum has been drilled and tapped
to receive eight bolts which pass through the body of the bomb and
anchor the tail fin assembly to the bomb body.

Welded to the frustum are four U-shaped blades having the open
ends of the U attached to and starting approximately five inches from
the base of the frustum. The four .fins are located 90 degrees from
each other.

A band of metal, 5 inches wide and 15 inches in diameter, is welded
to the rear end of the fin assembly. This band serves to protect the
fin blades against warpage caused by impact with the water, and
also protects the blades against damage in handling and assembly*

Arming Wire. The arming wire assembly for use with the AN-
Mk.. 224 Hydrostatic Bomb Fuze is type B which consists of a swivel
loop or arming plate to which are attached two lengths of wire each
approximately 20 inches long.

The arming wire assembly for use with the AN-Mk. 219 or AN-
Mk. 221 Nose Bomb Fuzes is type A which consists of a swivel loop
or arming plate and a single wire approximately 22 inches long.

Altitude ami Speed of Release. Tests show that this bomb will
function if released from altitudes up to, 5,000 feet. However, when
dropped from high altitudes, the hydrostatic fuze will function at a
greater depth than that for which it is set. The minimum altitude to
provide safety from blast in horizontal bombing is 100 feet

.If speed and altitude at release are such as to produce an angle
of impact flatter than 20 degrees from horizontal, a ricochet is prob-
able and if flatter than 15 degrees a ricochet may be expected.

Flat Nose Attachments. As stated above, ricochets may be ex-
pected with the round nose 325-pound AN-Mk. 17M1 Depth Bomb.

'Also, it has been found that deflection to the right or left from the
course intended may result. To remedy this situation, flat nose at-
tdchments are issued so as to enable the bombs to be modified in
the field. The attachments will greatly reduce the tendency of the
bombs to ricochet at low altitudes and high speed. The 325-pound
bomb, when equipped with flat nose attachments, may be dropped
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at an altitude of 50 feet without appreciable danger or ricochet, pro-
~ vided the airspeed at release does not exceed 200 knots.

In general, the average horizontal component of the underwater
travel to a depth of 25 feet will be between 30 and 40 feet and the
time of underwater travel to a depth of 25 feet will be between 2
and 4 seconds for the 325-pound depth bomb.

Tests have also shown that the depth bombs equipped with flat
noses have considerably less tendency to deflect to the right or left
of a normal course in underwater travel.- Average deflections from
the normal point of detonation (25-foot setting) are approximately
7 feet for the 325-pound depth bomb with a maximum of 15 feet oc-
curring in some cases.

, The air trajectories of the depth bomb will be slightly affected by
the addition of the flat nose attachments. When aircraft bombs
equipped with flat nose attachments are carried on external racks,
some reduction in air speed due to increased drag of the flat
noses will occur.

The flat nose attachment consists of a metal nose attachment
which fits around the adapter of the Nose Fuze AN-Mk. 219 or the
nose of the bomb itself. The metal attachment has openings in it to
allow for the addition of a plaster filling which fills the space between
it and the round nose of the bomb body. The entire bomb weight is
increased by approximately 44 pounds, of which 34 pounds consist
of the plaster filling and the other 10 pounds consist of the flat nose
attachment. , -

;' Complete Round Description. The total length of this bomb is
52.48 inches and the diameter is 15 inches. The case is only 0.062
inch thick. The weight of the metal parts is 85 pounds while the
TNT filler weighs 243 pounds. Total weight of this bomb is 325
pounds. Percentage of filler is approximately 75.8 percent.

'Face*. This bomb is fuzed with the Transverse Fuze AN-Mk.234.
Substitute or alternate fuzes are the transverse AN-Mk. 224 or its
modifications, or the Nose Fuze AN-Mk. 219 or AN-Mk. 221.

Complete Round Components. A complete round is made up of
the following components:
BOMB, AN-Mk. 17M1, 325 Ib (1)
Fin assembly (1) .
Fuze, nose, or transverse (1)
Arming wire (1) •

NEW 325- TO 350-POUND DEPTH BOMBS.
Following the development of 325-pound AN-Mk. 17M1 Depth

Bombs, a new series was issued. These new bombs differ only in the
shape of. the nose or in the kind of filler, or may differ in both of
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these ways. The' difference in filler has caused an increased weight
so that the bombs are described as 350-pound depth bombs. The flat
nose as previously described was added to prevent ricochet. A sum-
mary of the bombs and the main differences are indicated in the
following table.

Bomb Nomtnclolur*

325 Ib AN-Mk. 17M1

325 Ib AN-Mk. 17M1

325 Ib AN-Mk. 41

350 Ib AN-Mk. 44

350 Ib AN-Mk. 47

Shape of No»

Round

Flat
(iptclal
attachment)

Flat

Round

Flat

Bomb RacM

External or
Internal

Internal

Internal

External or
Internal

Internal

Wll.r

TNT

TNT

TNT

Torpex *

Torpex *
•44% cyclonite. 37% TNT, l«% powdered aluminum *nd 1% bc«w».

Much more briiint than TNT.

BOMB, DEPTH, 650-POUND, AN-MK. 29.
General. The 650-pound depth bomb is used for undersea craft or

surface vessels. It can be identified by the blunt nose, sheet metal
case, and trunnion mounts, in addition to the double and single sus-
pension lugs. The trunnion mounts are at the center of gravity and
on opposite sides of the case 90 degrees from the double and single
suspension lugs. The mounts are closed by a threaded plug. The trun-
nions are used to mount the depth charge on dive bomb suspension
racks. When used with the AN-Mk. 224 Fuze, an extender is provided
to make the fuze fit the longer transverse tube.

Description. Complete length of this bomb is 74.1 inches and the
diameter is 17.07 inches. The bomb case is 0.125 inch thick. The
metal parts of this bomb weigh 193 pounds while the explosive filler,
weighs 464 pounds. Total weight of this bomb is 657 pounds, 70.6
percent being explosive filler.
' Fuzes. The standard fuzes provided for this bomb are the Tail
Fuze AN-Mk. 229M1 and the Transverse Fuze AN-Mk. 234. Alter-

*

nate fuzes are either nose or transverse. Those provided for the nose
are the AN-Mk. 219, AN-Mk. 221, AN-M103, or M103. The alternate
transverse fuze is the AN-Mk. 224 with its modifications. The M103
or AN-M103 must be equipped with special vane when used on flat-
nose bombs. The standard vane will not cause the fuze to arm.
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Complete Round Components. Components necessary to make a
complete round of ammunition are the following:
BOMB, Mk.29 650 Ib, loaded (1)
Fin assembly (1)
Fuze, nose, transverse or tail (1)
Arming wire (1)

Comparison of 650-pound Depth Bombs.

lamb N«m«iiclafw«

650 Ib AN-Mk.29

650 Ib AN-Mk.37
650 Ib AN-Mk.38
700 Ib AN-Mk.49

Stop* of NOM

Round
Round
Flat
Flat

Shop* «f !•!•

Round
Flat

Flat
Flat

tipl*»lv« FIMtr

TNT
TNT
TNT

Torpex

FURTHER REFERENCES: A complete list of references regard-
ing bombs may be found at .the close of this section.

, Chapter 5
Fragmentation Bombs .

GENERAL.
Early Types. At the close of World War I the U. 8. government

had two fragmentation bombs which were designated the 17-pound ,
Mk.II and the 25-pound Mk.III.

The 17-pound Mk.II was a modification of rejected 3-inch and
75-mm shells. Attached to the shell to convert it to a bomb was a
fin assembly, a lug for horizontal suspension, and an adapter to pro-
vide for fitting a suitable fuze to the body. The fuze used was the
Mk.Xt arming pin type with the Mk.III Primer Detonator.

The 25-pound Mk.III Bomb was a pear-shaped bomb known as
the British Cooper bomb. The body was manufactured from mal-
leable iron or semisteel: It was stabilized in flight by use of a fin
assembly. It utilized the Mk.XII Time Fuze, which could be set
from 0 to 30 seconds in intervals of 5 seconds, in conjunction with
the Mk.H Primer and the Mk.IV Detonator.

Both bombs were intended for high-altitude bombing. Both bombs
are now obsolete. •

Modern Design. Fragmentation bombs are.used for the purpose
of producing destructive effect against personnel and light material
targets. To accomplish this, the bombs are so designed as to break
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into a large number of effective fragments of uniform size. Although
the blast will do damage at the point of impact, most of the effect
is achieved by the bomb fragments. To facilitate fragments of uni-
form size, the bomb body is constructed of a series of rings as-
sembled over a tubular sleeve. Recently, a spiral spring of square
cross section has replaced the rings. The width and thickness of the
ring or spring determines the width and the thickness of the frag-
ments. Attempts to predetermine a third dimension, the length of
the fragment, by notching each spring has not been successful. The
design entailed too much machining to make large scale production
feasible. Since the bombs depend entirely upon fragmentation to pro-
duce desired effects, the case or body is comparatively heavy while
the explosive charge is just enough to rupture the case. The weight,
of the high explosive in these bombs is about 12 to 15 percent of
the total weight of the bomb.

Fragmentation bombs are considerably smaller than demolition
bombs, making it possible for a greater number to be carried by a
plane. Some foreign countries have fragmentation bombs of even
smaller size.

Tests.
The pit test. In determining the fragmentation efficiency of bombs

at the proving ground, three types of tests are conducted. The pit
test, the low panel test, and the silhouette test. In the pit test, the
bomb is placed in a wooden box and buried in a sand pit of suitable
size, and detonated statically. The sand is then screened and the
fragments recovered on four sizes of mesh, the openings varying from
0.165 to 0.838 inch. These fragments are carefully weighed, screened,
and classified, and a decision as to the effectiveness of the bomb is
obtained. Any of these sizes is considered an effective fragment.
However, the more fragments, the better the bomb is considered
to be.

The low panel test. The low panels consist of four quadrants of
panels, 12 inches wide, 5.75 feet high and 0.82 inch thick, of spruce
lumber. Each panel represents the height and width of a man. Quad- -
rants of panels are placed 10, 20, 30, and 40 meters from the center
at which the bomb is fragmented statically. By substituting either the
total number of perforations counted or the number of panels per-
forated at the several distances in a formula, a figure is obtained
which represents relative fragmentation effectiveness in terms of
casualties over a definite area and with a definite and uniform dis-
tribution of personnel over this area.

Silhouette test. The silhouette test consists in dropping a bomb
on a field of silhouettes spaced 15 to 45 feet apart. The silhouettes
are of the same dimensions as the low panels and represent the height
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and, width of a man. The bombs are dropped from altitudes between
2,000 and 4,000 feet. The perforations of silhouettes within radii of
10, 20, 30, and 40 meters from the point of impact are counted and
used in a formula to obtain a figure of effectiveness. This test is
identical with the low panel test except that the bombs are actually
dropped and fragment on impact rather than being set off statically.
This brings in the effect of the forward motion of the bomb, angle
from vertical at which impact, occurs, and any delay in functioning,
thus giving a measure of the actual performance of the bomb.

Results of tests. The results of various tests seem to indicate that
the ring or spring 0.44-inch square is the best. The number of frag-
ments from the entire bomb will vary between 1,000 and 1,500, al-
though many of these are relatively ineffective. To obtain the most
effect, the bomb must be exploded while its axis is as nearly vertical
as possible. This is because the side spray may be directed into the
ground or harmlessly dissipated in the air if the bomb detonates while
at any appreciable angle from the vertical. ,

If a stabilized bomb is released from minimum altitudes, it will
not strike the ground in an upright position which is desirable.

As a result of tests, a means of assuring the escape of the plane
from bomb fragments and a means of having the bomb nearly verti-
cal at impact has been devised by replacing the fin assembly with a
parachute assembly. A specially designed fuze is used to initiate func-
tion of fragmentation bombs with this parachute attachment

Effect of Fragment*. The fragments from a fragmentation bomb
are projected with a velocity of over 4,000 feet per second. Frag-
ments weighing approximately 0.3 ounce have been projected to a
distance of 600 yards. The average fragment has about the same
bulk as a cat. .30 bullet. The side spray of a fragmentation bomb (if
detonated in a vertical position) is much more effective than that
of a shell of equal weight.

FUZE, Bomb, Nose, M104.
General. This fuze is of the arming pin type with time delay. It

arms approximately 2.5 seconds after the arming wire is withdrawn.
Its action on impact is instantaneous because this action is necessary
for effective dispersion of fragments. The Ml04 is used in the
23-pound M40 or the 23-pound M72 Fragmentation Bomb. It is
packed 1 per container, 50 per box.
1 Description. A mushroom-shaped striker assembly extends approx-
imately 0.5 inch beyond the nose of the fuze body. The firing pin,
supported by a spring which keeps it in contact with the striker-
assembly, is housed within the body of the fuze. The booster encased
in an aluminum cup protrudes from the base of the fuze. A time
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ARMING PIN

ARMING PIN SPRING

INITIAL FIRING PIN

Td BE REMOVED AFTfR
ARMING WIRE HAS BEEN

^INSERTED IN ARMING PIN.
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'REPLACE PIN BEFORE H£-
MOVING ARMING WIRE.

SLIDER LOCK SPRING

SLIDER LOCK
'SLIDER
DETONATOR

JCROOVE IN SLIDER
/FOR SLIDER LOCK
SLIDER SPRING

• RA PO JJOH

Figure 251 — FUZE, Bomb. M104 IHotel—Crws Section

delay train located near the midpoint of the fuze provides for time
delay in arming. The detonator is mounted in a slider located below
the firing pin and is normally held out of the firing position by the
arming pin which extends through the body of the fuze. Located in
the slider is a blank hole for the protection of the firing pin when
the fuze is in the unarmed position. In addition to the arming pin, a
delayed arming plunger prevents the slider from moving to its firing
position until the time delay train has burned through. When the
time delay train has burned through, the delayed arming plunger
is ejected and the slider moves to its armed position due to its
spring. The time delay is initiated by an auxiliary firing pin which
is driven forward by a compressed spring after the arming pin is'
ejected.

If armed, the fuze will function at any angle up to 13 degrees
from the horizontal on striking the ground. If the fuze impacts the
ground while the time train is still burning, it will not function on
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impact If armed, the fuze will function on jarring and is exceedingly
dangerous to handle.

Time delay is necessary because the parachute fragmentation
bomb falls too slowly and from too low an altitude to use an arming
vane with mechanical delay type of arming.

Function. The arming cord is withdrawn by the parachute, and the
arming wire, which is tied to the arming cord, is withdrawn from the.
arming pin. The arming pin is ejected by its spring. Ejection of the
initial arming pin leaves the slider held in the unarmed position only
by the delayed arming pin. At the same time, the arming pin frees
the cocked firing pin which is forced by its spring to strike the
primer.

The flame from the primer ignites a loose charge of black powder
which ignites the delay train. The gas from the burning black powder
escapes from the fuze through vents in the upper part of the fuze
body. The delay train burns for approximately 2.5 seconds and
terminates in a small charge pellet of nitrocellulose. This ignites the
body pellet which causes the explosion of a black powder charge
around the delayed arming assembly.

The delayed arming assembly, consisting of a washer restraining
disc and a plug, is forced out of the fuze body by the pressure cre-
ated by the black powder. .The slider, due to the action of its spring,
is now free to move the delayed arming pin to the end of the fuze
housing. In so doing, the slider brings the detonator directly under-
neath the firing pin, or into the armed position. The slider is locked
in this position by a slider lock pin which rides in a groove in the
side of the slider and fits into a cavity in the groove when the slider
moves into the armed position.

Upon impact, the striker is forced inward causing the firing pin
to move against its spring and strike the detonator. The detonator

, consisting of priming mixture, lead azide, and tetryl starts a shatter-
ing wave which functions a lead charge of lead azide. The lead charge
in turn functions the booster charge of tetryl which is part of the
fuze.

FUZE, Bomb, Nose, Ml 09. There are but few differences be-
tween the M109 and the M104 described above.

The M104 is used on the parachute fragmentation bombs for low-
altitude bombing. The M109 is used on the fin fragmentation bomb
(20-lb M41) for medium low-altitude bombing (below 800 feet).

The M104 has a larger diameter striker head than the M109.
The M104 has the striker resting on the firing pin. The M109 has

a striker spring cover and striker resistance spring underneath the
cover to hold the striker in position. This is because the M109 has
more wind pressure to counteract as it falls because of the height
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Figure 254 — FUZE, Bomb. M109 (NoseI
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of fail and the speed of fall due to the absence of a parachute. The
M109 might function before it struck if it did not incorporate this
additional safety feature.

The M109 in all other features is similar to the M104. It is not
generally used because the parachute fragmentation bomb is used
for low-altitude bombing whereas the fin fragmentation bomb is
usually used for high-altitude fragmentation bombing.

FUZE, Bomb, Nose, M120. Recently the M104 Fuze described
above was replaced by the M120. The M120 is fundamentally the
same fuze as the M104 except that its delay of 2.5 seconds in arm-
ing is produced by a mechanical time mechanism. It is more economi-
cal and easier to manufacture than the M104. <

FUZE, Bomb, Nose, AN-M110A1.
General. This is an arming vane type of fuze with mechanical

delay in arming. Its action on impact is instantaneous. The fuze is
armed after approximately 340 revolutions of the vane. It is used in
the 20-pound AN-M41 Fragmentation Bomb, the 20-pound M48
Practice Bomb, and the 115-pound M70 Chemical Bomb. It is
packed 1 per container, 50 per box.

Description. The fuze is about 3.59 inches long and 2.30 inches of
this length projects from the bomb when assembled. The vane is as-
sembled to the fuze and has two tabs leading from it These tabs
have two holes which correspond to holes in a vane lock on the side
of the body. These holes are to allow the fuze to be kept in the un-
armed position until otherwise desired. The booster is encased in .a
metal cup which protrudes from the base of the fuze. On top of the
booster cup is a metal disc with a small hole in the center to hold
the detonator cup.

Above the detonator is the striker which is held away from the
explosive element by a restraining spring and metal safety block.
This unit is held in place by a small keeper.

The safety block is in the form of a ring with a section removed.
This opening in the ring allows it to slip over the striker, but not
over an arming sleeve which fits inside the safety block. When the
vane revolves, the arming sleeve moves into the fuze housing by
means of reduction gears, thereby freeing the safety block.

The reduction gears consist of a movable lower gear which is< at-
tached to the base of the- arming sleeve. The arming sleeve is
threaded into a ball race by means of 10 threads and so rotates with
the arming vane. A stationary upper gear is attached to the ball race
and, therefore, directly to the arming vane. Both gears are in mesh
with an idler gear which is fixed loosely to a pin so that it can re-
volve around the axis of the pin.
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The movable gear has 34 teeth and the stationary gear has 33
teeth. Both gears turn with the arming vane. Both gears are in mesh
with the idler gear and because of the differential in teeth, for every
rotation of the arming vane the movable gear gains one tooth and the1-
arming sleeve turns %4 of a thread. For every 34 revolutions of
the vane, the movable gear gains 1 complete turn and the arming
sleeve turns 1 thread. As there are 10 threads to be turned before
the arming sleeve moves completely into the fuze housing, 340 turns
of the arming vane are required to arm the fuze.

Function. The cluster is dropped' and the arming wire is retained
in the plane. The cluster opens and the bombs fall free. The arming
vane begins to rotate and, through a set of reduction gears, slowly
moves the arming sleeve into the fuze housing. After approximately
340 revolutions of the arming vane, the sleeve moves completely
into the fuze housing allowing the safety block to fall free, arming
the fuze. The striker is now held away from the detonator only by
a restraining spring.

Upon impact, the striker is forced inward against its spring causing
the firing pin to strike the detonator of priming mixture, lead azide,
and tetryl. The wave produced functions the booster of tetryl which .
is part of the fuze.

FUZE, Bomb, Nose, MHO.
. General. There are several differences between the MHO and the

AN-M110A1 Fuzes, although the latter is the result of modifications
made on the MHO.

The AN-M110A1 is of much heavier construction, is larger in
body shape although it has a smaller striker head. The vanes are
smaller but wider and the entire body is treated with chromate solu-
tion to permit greater resistance to rust and corrosion. In general, it
can be stated that the construction is much sturdier.

The AN-M110A1 has one safety block, split-ring shaped, and an
arming sleeve which fits inside the safety block. The Ml 10 had three
safety blocks with inner recesses which slipped around an arming
sleeve. If, as in certain cases, the arming sleeve was partially in the
armed position, the safety blocks of some of the fuzes examined were
found missing or almost off the arming sleeve. Such situations could
and did result in serious accidents. AH of the MHO fuzes were re-
moved and were returned to the manufacturing plant for modifica-
tion.

The AN-M110A1 has a reduction gear ratio which will allow the
fuze to arm in 340 rotations of the arming vane, whereas the MHO
has a ratio which allows the fuze to arm in 570 rotations of the arm-
ing vane.
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BOMB, FRAGMENTATION, 30-POUND, MS.
.General. This bomb was designed to have uniform effective frag-

ments. It is standard for issue only, supplanted by a smaller bomb
which is as effective and more economical. It is intended for high-
altitude fragmentation bombing against such targets as personnel,
motor convoys, planes on the ground, etc. .

Bomb Body Description. The body consists of an inner steel
sleeve which is threaded on both ends. Assembled over the sleeve is
a series of steel rings which was cut from seamless steel tubing. The
width and thickness of the individual rings determines the size of the
fragments. A very even distribution of fragments of uniform size
can be obtained. As an alternate to the rings, a closely wound helix
bar of steel which is cheaper and just as effective is sometimes used.

The steel rings or helix bar of steel are held in place by two end
adapter forgings which are screwed into the threads of the inner
steel tube. The nose adapter is threaded to receive the M26 Adapter
Booster. The M26 Adapter Booster in turn receives the Mk.IIB
Primer Detonator and the Mk XIV Fuze. The tail adapter is closed
and has a threaded protrusion to receive the fin assembly.

Two suspension lugs are provided, one welded to the bomb body
for horizontal suspension and the other threaded to the fin assembly
for vertical suspension. '

The filler consists of 4.5 pounds of TNT, about 15 percent of the
total weight of the bomb.

Fuze Mk. XIV.. Brief mention can be made of this fuze as it is of
relative unimportance today. It is the arming vane type, arming after
several revolutions of the vane. The vane cup which moves up with
the vane on arming frees a series of metal balls which permit the
striker to be held off the fuze housing only by a shear wire.

The instantaneous primer detonator, the Mk.IIB, is a separate
component consisting of primer, black powder, mercury fulminate,
and tetryl. It is quite sensitive and dangerous to handle. On impact,
the firing pin functions the primer detonator which in turn functions
the M26 Tetryl Booster which functions the TNT charge in the
bomb body.

The use of this fuze was dangerous because it armed so quickly
and functions instantaneously on impact. If dropped singly, the fuze's
arming so quickly may function the bomb directly beneath the plane
due to accidental impact

BOMB, FRAGMENTATION, 20-POUND, AN-M41.
General. This bomb is designed to replace the 30-pound MS

Fragmentation Bomb complete with stabilizing fins and fuze. It
weighs 20 pounds and yields fragments equal to those of the 30-
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pound bomb in both size and destructive effectiveness. It is intended
mainly for high-altitude and occasionally for medium low-altitude
bombing, depending on the fuze, against such targets as personnel,
motor convoys, planes on the ground, etc.

Bomb Body Description. The body consists of an inner tubular
steel sleeve which is threaded on both ends. Assembled over the
sleeve is a closely wound helix bar of steel whose width and thick-
ness will determine the size of the fragments. A very even distribu-
tion of fragments of uniform effective size can be obtained.

The helix bar is held securely in place by two end adapter forgings
screwed into the threads of the inner sleeve. The nose adapter is
internally threaded to receive the Nose Fuze AN-M110A1 or M109
and a fuze well cup. The tail adapter is closed and has a threaded
protrusion to receive the fin assembly.

Suspension lugs, one for horizontal suspension is welded on the
bomb body, the other for vertical suspension is attached to the tail
end of the assembly. The filler consists of 2.7 pounds of TNT or
approximately 13% percent of the total weight of the bomb.

Fin Assembly. The fin assembly consists of steel pipe threaded at
one end to screw into the bushing of the rear adapter. It is held in
place by a set screw when assembled. Attached to the pipe are four
blades, and at the rear end a suspension lug is attached for vertical
suspension.

When assembled to the bomb body, the fin is so assembled that
one fin blade will be in line or at an angle of 45 degrees to the hori-
zontal lug on ,the bomb body.

BOMB, FRAGMENTATION, 20-POUND, M42.
General. This bomb in construction is exactly the same as the

20-pound AN-M41 previously described. However, it is used against
invading bombardment formations. For this purpose, the only change
in the complete round is a change in the fuze from AN-M110A1 to
the T7E1 which is a mechanical time and impact fuze.

This bomb is still in the experimental stage not in "so far as the
bomb body or fin assembly is concerned, for it has the standard body
and fin assembly, but in so far as the fuze is concerned. The diffi-
culty arises in timing the fuze so as to function the bomb near the
proper place to produce effective fragments. At the present time,
this model bomb is not included in the Standard Nomenclature
Lists (January 1, 1943).

BOMB, FRAGMENTATION, 23-POUND, M40.
General. The Air Forces introduced a new tactical use for frag-

mentation bombs in which the bombing was to be done from very
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low altitudes in order that the screening effect of trees and low hills
might be used to hide the approach of attacking planes. Extensive
tests were conducted; it was found that usually the plane was not far
enough away to be out of the danger zone when the bomb exploded
and also that the bomb would usually function in a horizontal posi-
tion so that a loss of efficiency would occur. At times, the bomb failed
to function at all.

It was evident, therefore, that two factors had to be considered.
The bomb must be retarded so that the plane would have time to
leave the danger zone of the fragments before the detonation oc-
curred. Also, it must function while its long axis was perpendicular
to the ground.

The most practical way to accomplish this was to equip the bomb
with a small parachute housed within a case occupying little more
space than the stabilizing fins of the high altitude bomb. The 23-
pound M40 Bomb was thus developed. The parachute serves to re-
tard the descent of the bomb for the required time and causes it to
strike with its axis nearly vertical.

The use of a fuze with a semi-all ways percussion head and in-
stantaneous action on impact insures function before the bomb loses
its vertical position and even though it strikes the target at an angle
while swinging, pendulum-like, from its parachute. A delay in arming
incorporated in the fuze prevents premature detonation of the bomb
due to malfunction of the parachute or collision during flight.

Bomb Body Description. This bomb uses the same body as the
20-pound AN-M41 and M42 Fragmentation Bombs. It is equipped
with a parachute, however, in place of a fin assembly. The fin as-
sembly is removed and the same bushing that receives the fin as-
sembly now receives the parachute assembly. It is kept securely
attached to the bomb body by a set screw in the same manner as is
the fin assembly. It uses the M104 or M120 Nose Fuze. The addi-
tional weight of the bomb is produced by the parachute assembly.

Parachute Assembly Description. The parachute case is cylin-
drical in shape. It is made of sheet metal. Inside the parachute case
are two cardboard pilot discs which are attached by means of silk
cord to the top of the parachute. The parachute is made of mercer-
ized cotton and airplane fabric and is 8 feet in diameter. It is at-
tached to the parachute case by 12 silk shrouds which are tied to an
eye in the base of the parachute case. Tied to the lower ends of the
shroud lines is a silk cord known as the arming cord. It extends
through an opening in the base of the parachute case and terminates
in a short length of arming wire which is inserted in the arming pin
of the fuze.

Earlier models of this bomb were designed to be dropped singly.
Later without changing the model number of the bomb, the bomb
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wes modified to be dropped from clusters. The description of the
above bomb is that of the later models.

Function of Parachute Assembly. The cluster is dropped and
the arming wire is retained in the plane. The cluster opens and the
outer cover is carried off the parachute case by the wind stream.
The pilot discs are lifted out of the case by the air stream and in so
doing withdraw the parachute from the case. As the parachute is
filled with air, it retards the forward motion of the bomb and the
arming cord is drawn into the parachute case and the arming wire
is withdrawn from the arming pin of the fuze.

BOMB, FRAGMENTATION, 23-POUND, M72.
General. This bomb is the old 23-pound M40 Bomb used for

single suspension only. The 23-pound M40 at one time was used for
single suspension racks to be dropped unclustered. It was decided
to change the 23-pound M40 in order to be able to drop these bombs
from clusters. Without changing the model number, all of these
bombs were modified to function from clusters. Included in the modi-
fication was the elimination of the outer cover and replacing it with
the outer cover of the cluster, and the elimination of the inner cover,
hangwire, and tear wire.

It was found that certain planes could not be adapted to receive
the clustered parachute fragmentation bombs and could make effec-
tive use of parachute fragmentation bombs singly suspended. It was
therefore decided to manufacture the old 23-pound M40 Parachute
Fragmentation Bombs once again. However, to avoid confusion be-
tween the old and the new, the singly suspended parachute frag-
mentation bombs received the nomenclature "Bomb, Fragmentation,
23 pound M72."

Description. The body is the same as described for the 23-pound
M40. The fuze used is the same, either the' M104 OP the M120 Nose
Fuze. The parachute assembly in outward appearance is the same.
It has attached to two points on the side, a flexible steel cable ending
in • suspension loop above the case for vertical suspension.

The parachute assembly differs in the inside: After removing the
outer cover, a flexible steel cable (hangwire) having a loop at one .
end and attached to an inner metal cover at the other end will be
found The loop on the cable is assembled to the bomb shackle in
the same position as the arming wire. The inner cover which is held
snugly in the parachute case has on its inner side a tear wire which
is attached to the top pilot disc. From this point, both parachute as-
semblies are the same.

Function of Parachute Assembly. The bomb is dropped and
the hangwire is retained in the plane. This pulls the inner cover from
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the parachute case. The inner cover, by means of the tear wire, pulls
with it the top pilot disc. By means of a connecting cord, the top pilot
disc withdraws the lower pilot disc and parachute. As the parachute
is filled with air, it retards the forward motion of the bomb. The tear
wire is torn, freeing the top pilot disc from the inner cover and thus
severing any connection between the bomb and the plane. At the
same time, the arming cord is sharply withdrawn from the arming
pin of the fuze.

CLUSTER, FRAGMENTATION BOMB, Ml (100-POUND SIZE).
General. In order to provide for flexibility, fragmentation bombs

are assembled into clusters. This serves for two definite advantages:
the cluster may be installed in aircraft equipped with racks for large
bombs; and clusters cover a large area more adequately than does
the same number of bombs released singly.

The complete assembly consists of the following components:
Adapter Cluster Ml
BOMB, fragmentation, 20-pound, M41 (6)
FUZE, bomb, MHO or AN-M110A1 (nose) (6)
Steel wires (4)
Cartridge M6
Firing mechanism Ml
Wire, arming, type A

Adapter Cluster Ml. The adapter cluster serves as the framework
for holding the bombs together. It consists of two longitudinal steel
tubes, a barrel, and separator. Welded to the separator and barrel
are two nose and two fin supports for six bombs. Welded to the sepa-
rator are two vane stops to prevent motion of the fuze vanes.

The barrel is hollow and is pierced with four holes through which
four steel tie wires are threaded. The steel tie wires encircle the six
bombs and hold them securely in place. One end of the barrel is
closed with a steel plug. The other end seats a Cartridge M6 and is
externally threaded to receive the Ml Firing Mechanism. Welded to
the barrel are two loops 14 inches apart which act as double suspen-
sion lugs to fit into bomb racks that receive 100-pound bombs.

Firing Mechanism Ml. The firing mechanism consists of a hous-
ing which contains a cocked firing pin. The lower portion is internally
threaded to screw onto the barrel of the adapter cluster. The firing
pin has two holes, one for a cotter pin and the lower one for the car
seal wire which is replaced by the arming wire on assembly in the
plane.

Cartridge M6. This consists of a primed cartridge case carrying
a small propelling'charge of 6 grains of black powder. The mouth of
the cartridge case fits around a steel slug and the cartridge case is
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held to the slug by crimping. The steel slug has sharp corners for
severing the tie wires.

BOMB, Fragmentation, 20-poun<l, M41. In this fragmentation,
cluster six 20-pound Fragmentation Bombs M41 are used. These
bombs are fuzed with MHO Nose Fuze or AN-M110A1 Nose Fuze.
The bombs are held in place by the four steel tie wires, resting on
the adapter cluster by means of the nose and fin supports which al-
low for a snug fit. A «

Function. The fragmentation cluster is dropped and the arming
wire.is retained in the plane. This allows the firing pin due to the
action of its compressed spring to strike the primer of the cartridge.
The primer ignites the black powder propelling charge which propels
the steel slug down the barrel of the adapter cluster. The slug, as it
passes througlTthe barrel, severs the four steel tie wires allowing the
bombs to fall free and the vanes to begin to rotate. The steel slug
terminates in a steel plug at the end of the barrel. Also at the end
of the barrel is a large hole pierced in one side to allow for the
escape of gas at that point.

If dropped safe, the arming wire is dropped with the cluster. The
cartridge is not fired nor are the bombs released from the cluster. The
vane stops restrain the fuzes from arming and the bombs do not
function on impact.

CLUSTER, FRAGMENTATION, BOMB, M3 (100-POUND SIZE).
General. This cluster is similar to the Ml previously described.

The components differ, but in function it is similar except in the
incorporation of a delay cartridge of 5 seconds. This cartridge permits
the cluster to drop for 5 seconds before opening. This delay is essen-
tial because the fuzes used with the fragmentation bombs in this
cluster arm after several rotations of the arming vane.'This delay
permits the bombs to be well out of the range of the bomb frag-
ments in the event that the bombs accidentally funttion in the air
upon arming of the fuze.

The complete assembly consists of the following components:
Adapter Cluster M2
BOMB, fragmentation 30-pound, MS (6)
FUZE, bomb, Mk.XIV (nose) (6)
Primer Detonators, Mk.IIB or Mk.IIC, instantaneous (6)
Steel wire (4)
Cartridge M7
Firing mechanism Ml
Wire, arming, type A

Adapter Cluster M2. This adapter cluster is the same as the Ml.
previously described. Fundamentally, it differs only in size. It is
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larger for it receives the larger 30-pound fragmentation bomb instead
of the smaller 20-pound fragmentation bomb. It is designed for 100-
pound bomb racks.

Firing Mechanism Ml. This is the same mechanism as previously
described.

Cartridge M7. This consists of a primed cartridge case contain-
ing an igniter of black powder, a 5-second delay of black powder, a
relay of black powder and a propelling charge of black powder. The
mouth of the cartridge case fits around a steel slug and is held in
place by crimping. -

BOMB, Fragmentation, 30-pound, MS. In this fragmentation
cluster, six 30-pound Fragmentation Bombs MS are used. These
bombs are fuzed with Mk.XIV Nose Fuzes using the MIcIIB or
Mk.IIC Instantaneous Primer Detonator. The bombs are held in
place by four steel tie wires, resting on the adapter cluster by means
of the nose and fin supports which allow for a snug fit.

Function. The fragmentation cluster is dropped and the arming
wire is retained in the plane. This allows the firing pin due to the
action of its compressed spring to strike the primer of the cartridge.
The primer ignites a black powder igniter charge which ignites the
delay of black powder that burns for 5 seconds. The delay of black
powder ignites a relay charge of black powder and that initiates the
propelling charge of black powder. The propellent sends the steel slug
down the barrel of the cluster causing the slug to sever the four tie
wires and to set the bombs free. The bombs fall free of the cluster
and the vanes begin to rotate. The steel slug terminates in a steel
plug at the end of the barrel. Also at the end of the barrel is a large
hole pierced in one side to allow for the escape of gas at that point.

CLUSTER, FRAGMENTATION, BOMB, AN-M1A1 (100-POUND
SIZE).
This cluster has been designed to replace Ml Fragmentation Bomb

Cluster. It is simpler in construction and operation and utilizes a
mechanical releasing device in place of a firing mechanism and car-
tridge to release the bombs from the cluster.

Components necessary to make a complete round:
Adapter Cluster AN-M1A1
BOMB, fragmentation, 20-pound AN-M41 (6)
FUZE, bomb, AN-M110A1 (nose), (6)
Steel, band (2)
Wire, arming, type B

Adapter Cluster AN-M1A1. This cluster consists of two longitudi-
nal hollow steel tubes which can be described as a barrel and separa-
tor, the barrel being wider in diameter than the separator. Welded to

662 •

TM 9-1904

BOMBS FOR AIRCRAFT

the barrel and separator are two nose supports and fin supports for
six bombs. Welded to the separator are two vane stops to prevent
motion of the fuze vanes. Passing through slits in the nose and fin
supports near the separator are two flat pieces of spring steel formed
in such a manner that when the bombs are pressed against them the
resulting tension will force the bombs out of the cluster when the
cluster opens.

Around the barrel will be found three suspension lugs, the outer
two being 14 inches apart for double suspension, the inner one being
exactly between the outer two at the center of gravity for single
suspension. Any of these lugs can. be removed from its extended posi-
tion by withdrawing a cotter pin and bolt which holds them extended.
The lugs will now be in such position that the bolt which formed
the point for suspension will be in" contact with the barrel.

Welded to the barrel approximately 5 inches from the outermost
lugs are two clasp holders. Each clasp holder consists of two metal
pieces, each piece having a hole at one end for a screw bolt of a
steel band to fit through. The steel band has a clasp at its other end
and will encircle the bombs, thereby holding them in. place, so that
the clasp will fit into the clasp holder. Four small holes pierced
through the clasp holder at a point somewhat above the two main
holes allow for the insertion of a common safety wire and arming
wire.

As there are two clasp holders and two steel bands, the arming
wire and safety wire pass through the two holders and when removed,
the pressure of the bombs against the steel bands and the spring
tension of the steel bands forces the bands with their clasps to spring
open and free the bombs. The adapter cluster is designed for 100-
pound bomb racks.

BOMB, Fragmentation, 20-pound AN-M41. This bomb is the
same as the 20-pound M41, the AN merely being used to indicate
that both services can utilize the bomb and cluster. The bombs, six
in all, are held in place by the two steel bands which encircle the
cluster. They rest on the adapter cluster by means of nose and fin
supports which allow for a snug fit and are always being forced out-
ward away from the cluster by the two flat spring steel pieces. The
fuze used is the AN-M110A1.

Function. The cluster is dropped and the arming wire is re-
tained in the plane. The clasps, which are now free, are sprung out
of their holders by the pressure of the bombs against the steel bands
and by the spring tension of the bands, freeing the bombs. The bombs
are aided in their release from the adapter cluster by means of two
flat spring steel pieces which eject them from the adapter. When the
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bombs are free from the cluster, the vanes begin to rotate and the
fuze begins to arm.

CLUSTER, FRAGMENTATION BOMB, M4.
General. This cluster was designed to enable the dropping of

parachute bombs from a cluster. The 23-pound Fragmentation Bombs
M40 were all modified without change in nomenclature to enable
them to be dropped from a cluster. Tests conducted at Aberdeen in
October of 1942 proved that the cluster would /unction satisfactorily.
However, a difference in position of cluster was noticeable in function.
When the clusters were dropped with the nose end forward in the
rack, 4 out of 36 bombs failed to function. When the clusters were
dropped with the parachute end forward in the bomb rack, none of
the 24 bombs tested failed to function.

Components necessary to make a complete assembly for this
cluster are the following:
Adapter Cluster M3
BOMB, fragmentation, 23-pound M40 (3)
FUZE, bomb, M104 or M120 (nose) (3)
Steel, band (2)
Wire, arming, type B

Adapter Cluster M3. This adapter cluster is similar in construc-
tion to the AN-M1A1, although smaller. It consists of two longitudinal
hollow tubes which can be described as a barrel and separator, the
separator being smaller in diameter but about Vt foot longer than
the barrel. Welded to both tubes is a rear end plate support for the
parachute assembly, two parachute assembly supports, a support for
the point of attachment of the parachute assembly and bomb body,
and finally a bomb body support.

The barrel is the same in general construction and components as
the adapter cluster barrel for the AN-M1A1. It has three lugs and
two clasp holders attached in the same manner as previously de-
scribed.

Attached to the parachute supports below the separator are two
bolts. Around these bolts are coiled spring wires. Also attached-to
the bolts are partially cylindrical metal plates in which the three
parachute assemblies are partially encased. The pressure of the para-
chute assemblies forces these plates against the coiled spring wire
onto the parachute assembly supports. This causes the compressed
springs to eject the parachute assemblies and, therefore, the bomb,
when the cluster opens.

Two bolts are found protruding near the separator attached to
the body supports. Around these bolts are spring coil wires against.
which the bomb body will press in order to rest on ifs support. These
compressed springs will also aid in the ejection of the bomb body
when the cluster opens.
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Around the tail end of the parachute assembly and in contact
with the rear end plate support will be found three covers in place
of the outer covers of the parachute assemblies. These covers are
the same in diameter, but differ in length. The longest is 4 inches;
the next is 2 inches, and the smallest is Vi inch in length. These
covers fall off the parachute assembly at different points in the bomb
drop, the smallest freeing its parachute first, the longest freeing its
parachute last, preventing the parachutes and bomb from interfering
with each other.

The parachute fragmentation bombs are held in the adapter cluster
by means of two steel bands and clasps in the same manner with
the use of the same type arming wire and common sa'fety wire as
previously described.

BOMB, Fragmentation, 23-pound, M40. In this fragmentation
cluster, three 23-pound Fragmentation Bombs M40 are used, the
parachute fragmentation being much longer and heavier than the
fin fragmentation bombs. These bombs are fuzed with the M104
Nose Fuze or the Ml20 and are held in place by two steel bands,
resting on the adapter cluster by means of supports.

Function. The cluster is dropped and the arming wire is re-
tained in the plane. The clasps, which are now free, are sprung out
of their holders by the pressure of the bombs against the steel bands
and the spring tension of the bands, freeing the bombs. The bombs
are aided in their release from the adapter cluster by means of com-
pressed springs which eject them from the adapter. When the bombs

- are free from-the cluster, the outer covers fall off at different points
in the bomb fall allowing the parachute discs to be exposed and the
parachutes to open. The parachutes, as they open, pull the arming
cord into the parachute case. The arming cord carries with it the
arming wire which frees the arming pin allowing the fuz$ to arm.

- FURTHER REFERENCES s A complete list of bomb references
- can be found at the close of the final chapter in this section.

Chapter *
Chemical Bombs

GENERAL.
Development. For several years after World War I, no atten-

tion was directed toward the development of chemical bombs except
for demonstration purposes. For this use, a 50-pound Mk.I with a
smoke filler of FM was used The bomb was made from 'the 40-
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pound Mk.I incendiary which was streamlined in shape. A full
length black powder burster with the Mk.XIV Fuze was provided.

With the trend toward the development of a chemical bomb being
initiated, a general requirement that the bomb case must be strong
enough to withstand "safe dropping" on normal soil from a. height of
7,000 feet was decided upon.

This led to the development and standardization of the 30-pound
Ml Chemical Bomb. This bomb was made by swaging a length of
seamless steel tubing to a streamlined shape, fully closed at the tail
end. A full length burster well was assembled to the nose end of the
body by means of pipe threads which seal the bomb against leakage
of the filler. The two authorized chemical loadings for the bomb were
HS and WP. A full length burster of tetryl was used with both fillers.
The bomb was functioned by the Mk.XIV Fuze, using the Mk.IIB
Instantaneous Primer Detonator.

In 1934, the requirement that the chemical bomb must withstand
safe dropping was eliminated. After much experimentation on thin
case bombs, fuzed and unfuzed, the 30-pound M46 Chemical Bomb
was standardized in 1940. This bomb was cylindrical in shape and
was made of sheet metal. It was a great improvement over the old
30-pound Ml Chemical Bomb carrying much more filler (75 percent
as compared to 30 percent) and gave a much more efficient distribu-
tion of the chemical filler. It incorporated the M108 Nose Fuze with
a full length charge of tetryl known as the Burster M3. It was loaded
with HS and WP.

Recent Developments. A 100-pound thin case bomb was stand-
ardized after the development of the 30-pound M46. This was des-
ignated as the 100-pound M47 Chemical Bomb. It had a filler'of
WP or incendiary oil. It utilized the M108 Nose Fuze with the M4
Burster of tetryl.

The 30-pound M46 in the meantime had undergone changes in
its fin assembly to make it more stable in flight and body construc-
tion. It was modified so that its latest designation was 30-pound
M46A2. However, because of the change in Air Force tactics, the
tactical use of this bomb became quite limited. Fighter planes no
longer had racks to fit this type of bomb. Experimental clusters of
six bombs required as much room as a 500-pound demolition bomb
and were deemed a great waste of space. Consequently, in 1942, all
the 30-pound M46 Bombs with their modifications were declared
obsolete and the 280,000 of these bombs found in the field were
withdrawn and returned to Chemical Warfare Service for use as
components in chemical land mines.

Chemical Bomb Nose Fuze M10S.
_ _ ^

General. This is an arming pin type of fuze with instantaneous
arming action and instantaneous action ,on impact. It is possible to
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use this type of fuze on chemical bombs because this would cause no
damage to a plane, were they to function immediately upon clearing
the bomb bay. This, of course, is not the case with H.E. bombs. The
M108 Fuze is used on the 100-pound Chemical Bomb M47 or its
modifications. The fuze is packed 1 per container, 200 per box.

Description. This fuze has an over-all length of 2.66 inches. A
striker assembly protrudes approximately % inch beyond the nose
of the fuze body. At the rear of the body are two spring-actuated
steel balls diametrically opposed, which engage in the groove of the
burster well adapter when the fuze is inserted in the nose of the
bomb. This operation, performed solely by hand and without the
use of force or tools requires no screwing. An arming pin with two
transverse eyelets and positioned on a compressed spring, extends
through both fuze body and striker shaft, thereby preventing move-
ment of the striker. Also extending through both fuze body and
striker is a shear wire. Incorporated as an integral part of the fuze
is a detonator assembly.

As an added safety device for this fuze, a steel spring-loaded safety
block- is mounted between the striker head and fuze body. It is re-
tained in place by a safety-block holder which is a thin metal plate
fitting under the arming wire in the arming pin. It bears against the
safety block and holds it in place. Upon fuzing, the arming wire is
threaded through the inner eyelet and the cotter pin is removed.

The original M108 Fuze did not have the safety-block assembly.
When used with the 100-pound chemical bomb, it was found to be
quite dangerous because a drop of about 6 inches on a hard surface
was sufficient to function the fuze despite the safety features. M108
Fuzes in the field without safety-block assemblies should be modified
by inserting properly sized wooden blocks between the striker and
fuze body and taping them securely in place. These blocks are re-
moved only when the bomb is placed in the bomb' rack.

Function. The bomb is dropped and the arming wire is retained
in the plane. The arming pin is ejected from the fuze by its spring.
At the same time, the safety-block holder, being free, is ejected by
the safety-block spring. The striker is now held away from the de-
tonator by a shear wire.

On impact, the striker is forced inward, shearing the shear wire
and bringing the firing pin into the detonator. The detonator consist-
ing of priming mixture, lead azide, and tetryl detonates and sends
a wave to the burster charge of tetryl or black powder in the burster
casing.

.Chemical Bomb, FUZE, Nose, M126.
Genera/. This is an arming vane type of fuze with mechanical de-

lay in arming. It has instantaneous action on impact which is in all
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cases necessary to provide for dispersion of chemical filler before any
penetration can occur. It is used in the 100-pound Bombs M47A1
and M47A2 when dropped* in clusters, and also in~the 115-pound
M70 Bomb. . >

Description. This fuze is similar to the AN-M110A1 with the
elimination of the booster housing and booster charge, and with the
incorporation of a detonator housing instead of a cup for the de-
tonator charge. In all other respects, it is similar to the AN-M110A1
described in the chapter dealing with fragmentation bombs. It was
designed to prevent the bomb from functioning too close to the plane.
Especially is there a possibility of this if the bombs are fo be dropped
in clusters. •

Function. In function it is similar to the AN-M110A1. Upon im-
pact, however, the firing'pin functions a detonator. The function in
so far as the fuze is concerned ends at this point. In the AN-MllOAl
a booster of tetryl which is part of the fuze is detonated by the

- detonator. •

BOMB, CHEMICAL, 100-POUND, M47.
General. This bomb was developed to meet the requirements of

the Air Forces for a chemical bomb for "bombardment" purposes. It
is a thin case bomb whose design and construction is such as to pro-
vide maximum efficiency after release from the bomb bay of the
plane. .

Bomh Description. The body of this bomb is made of 1/32-inch
sheet metal rolled and lap welded into a cylindrical shape 8 inches
in diameter. The nose is hemispherical and welded to the body as is
the box type tail fin assembly which forms the tail taper of the bomb
body.

The over-all length is'45 inches excluding fuze, and the weight,
after insertion of the burster well, is 20 pounds. The burster well is
screwed into the bomb body by means of pipe threads to make a
gaslight seal at nose. It is held in place at the tail of the bomb body
by an attached cone in the inner side of the fin assembly. It is in-
ternally threaded to receive a sleeve which has a groove in its lower
portion to seat the fuze which is pressed in place. The pipe threads
are coated with either white lead-in-oil, red lead-in-oil or varnish
shellac before the burster is inserted to make a leaktight joint. The
center of gravity is about 18.5 inches from the nose. Around the bomb
body are two suspension bands 14 inches apart which provide suspen-
sion lugs for horizontal suspension. One blade of the fixed box type

• tail assembly is in line with the suspension lug.
It utilizes the Bomb Fuze M108 (Nose) in conjunction with the

M4 Burster which has a charge of tetryl when used with a WP or
671 -
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H filler. The H filler'has been found to leak when loaded into
this bomb and the M47A1, and is not to be loaded into the M47
or M47A1 Bombs at the present time. When loaded with H, the
entire weight of the bomb is 93 pounds of which 73 pounds is H.

The bomb may be loaded with an incendiary filler of rubber and
gasoline in the field. The base filling is gasoline supplemented by
one of four different incendiary ingredients as follows:

1. LA-60.. Consists of crude latex or sap in combination with
caustic soda, cocoanut oil, and water.

2. Crepe rubber (CR). This is crude latex but is reduced to a solid
by precipitation and kneading.

3. LA-100. This is crude latex dried until it is approximately 100
percent solid.

4. Smoked rubber sheets (SR). This is crude latex which has been
dried over a smoky fire until it is approximately 100 percent solid.

When loaded with the incendiary filler the Fuze Bomb Ml08
(Nose) with a 1-pound black powder Burster Charge M7 is used.
This burster charge bursts the bomb and scatters and ignites the
filler. When filled, the body weighs 85 pounds of which 65 pounds is
incendiary filler. This is a typical example of the scatter type of in-
cendiary filler.

. Painting. The bomb is painted as other chemical ammunition
with a blue-gray base color. If loaded with H, it will have two green
bands and will be stenciled in green. If loaded with WP, it will have
one yellow band and will be stenciled in yellow. If loaded with in-
cendiary filler, it will have one purple band and will be stenciled in
purple. The stenciling.for the incendiary bomb will indicate the type
of rubber filling such as "incendiary oil,'LA-60" or "incendiary oil
SR."

Parking. This bomb is packed in a wooden box, one per box
without fuze, arming wire or burster charge. Incendiary oils are
loaded in the field into the empty bombs.

BOMB, CHEMICAL, 100-POUND, M47A1.
General. This bomb was designed to replace the 100-pound M47.

The 100-pound M47 was found to have too thin a wall section, and in
. handling and storage, it developed leaks due to corrosion and rough
treatment. Consequently, the wall thickness was increased from 1/32
inch to 1/16 inch, and the case was protected by coating inside with
acidproof black.

Comparison. In design, it is similar to the 100-pound M47. It is,
however, approximately 9 pounds heavier and weighs, when loaded
,with H, 102 pounds, of which 73 pounds is M. When loaded with
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incendiary oil, it weighs 94 pounds, of which 65 pounds is incendiary
oil.

In fillers, fuze, painting and packing, it is exactly the same as
the 100-pound M47. It has a special inside coat, of paint which pro-
vides a'resistance of 100-pound pressure. However, H was still
found to leak from the bomb case as with the previous bomb and is
not to be loaded in empty 100-pound M47A1 Bomb Cases. The only
standard fillers are WP or incendiary oils.
' An additional fuze which may be found used with this chemical
bomb is Fuze Bomb M126 (Nose).

BOMB, CHEMICAL, 100-POUND, M47A2.
General. This bomb was designed to be able to receive the chemi-

cal filler mustard (H) without leaking. It was coated on the inside
with a special oil which proved in theoretical tests to be resistant to
filler pressure having a resistance of 400-pound pressure.

Comparison. It does not differ from the 100-pound M47A1 in any
appreciable way. It has the inside wall painted, however, with the
special oil to make it resistant to H. It was found, however, that this'
bomb was also subject to leaking, but not to such an extent as its
predecessors. H is still to be loaded into this bomb as a temporary
emergency filler. Other fillers are WP and incendiary oils. The fuze '
is the Nose Bomb Fuze M108 or Fuze Bomb M126 (Nose). When
the M126 Fuze is used, the special adapter for the M108 Fuze is
removed, as the Ml26 Fuze can screw directly in the burster well.
In all other components, the bomb is exactly the same.

BOMB, CHEMICAL, 115.POUND, M70.
General. This bomb was designed to receive a chemical filler of

mustard ( H ) without any possibility of leaking. It is a thick case
bomb as compared to the bombs which preceded it.

Comparison. In shape, construction, and weight, the bomb re-
sembles the 100-pound general purpose bomb. It is somewhat longer,
however. It is cylindrical, having a rounded nose and tapered tail.
The body is constructed in one piece without any welds. At the base,
however, a closed base plug which has a threaded protrusion is
welded to the bomb body. The threaded protrusion receives a fin
lock nut which seats the fin assembly snugly on the bomb. The nose
of the bomb is unthreaded but receives a long burster which is press-
fit into the'nose to form a gastight seal.

Welded to the bomb body are three lugs. Two lugs 14 inches apart
are provided for horizontal suspension, and a third lug on the oppo-
site side at the center of gravity is provided for single suspension.
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The burster casing receives a Burster Charge M10 and is threaded
to receive Fuze Bomb M126 (Nose). The filler is at the present
time H only.

FURTHER REFERENCES! A complete list of references may be
found at the close of this section.

Chapter 7 :

Incendiary Bombs

GENERAL.
Definition. Incendiaries are combustible materials which are

burned with intent to cause destruction of buildings, crops, food, am-
munition, or materials of military importance.

Incendiaries dependent on their construction and manner of use
are classified as intensive or scatter. The intensive type remains as a
unit until consumed, thus confining its heat to a restricted area. The
scatter type dispenses small fragments of its burning material usually
by an explosive charge, thus starting simultaneously as many fires in
as many different places as possible. Examples of the scatter type
are the 100-pound gasoline rubber filled bomb and the 6-pound oil
incendiary filled bomb. Some of the chemical bombs discussed in the
preceding chapter are called a scatter type incendiary if the filler is
of an incendiary nature. The M47 series of chemical bombs are an
example.

Theory. For every incendiary bomb dropped, a fire is not started.
The practice is to scatter the bombs over the heart of an entire city.'
The average city has 85 percent of its area devoted to parks, roads,
valleys, back yards, and front yards, leaving 15 percent of the average
city composed of some incendiary composition.

If a bomber carrying 2,000 of the small 2-pound incendiaries were
to travel at a speed of 200 miles per hour dropping 20 bombs per.
second, the plane would travel 6 miles before it expended its cargo
of incendiaries. Of 2,000 dropped, only 300 bombs will strike possible
targets. One half of these will harmlessly ricochet off roofs or fail
to find combustible roofs.

Thus it is obvious that for every 2,000 bombs dropped over the
modern city, only 150 bombs will ignite targets; thus, only 7'/z per-
cent of those dropped will be effective.

Chemical Bomb, FUZE, Transverse, Ml.
General. This fuze is used in the 6-pound Oil Incendiary AN-M69

and in the 10-pound WP incendiary AN-M67. It is threaded at one
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end so as to seat itself in threads located in the side of the bomb
body near its nose portion.

Description. This fuze contains a safety plunger which is posi-
tioned on a spring so as to be partially ejected from the fuze housing
when it is free or in the armed position. The ends of the safety
plunger protrude from the fuze housing at the point where the
threads are located. Passing through the fuze housing is a striker
in the form of an E. The upper portion of the E-shaped striker is
held in place by the end of the safety plunger in the unarmed posi-
tion. The middle portion of the E-shaped striker is in the form of a
firing pin and is directly over a primer. The lower portion of the E-
shaped striker is resting against a spring which prevents the striker
from moving down on the primer in the armed position before im-
pact occurs.

Underneath the primer is a black powder spitter fuze which leads
.to a black powder booster charge located at the end of the fuze op-
posite the threads. The fuze should be inserted in the side of the
bomb with the arrows which are located on the external surface of
the fuze body pointing to the rear.

Function. The cluster is dropped and the arming wire is retained
in the plane. The cluster opens and the bombs fall free. The safety
plunger which had been imprisoned by intimate contact with the
bomb next to it, is now free and is partially ejected by its spring from
the fuze housing. The striker is now free but is restrained from strik-
ing the primer by a restraining spring.

On impact, the force of inertia causes the striker to move against
its spring bringing the firing pin into the primer. The flame from the
primer ignites a black powder spitter fuze which in. turn sets off a
black powder booster charge. The booster charge functions a charge
of black powder and magnesium mixture which ruptures the bomb
case, spreads the filler, and ignites it.

BOMB, INCENDIARY, OIL, 6-POUND, AN-M56.
General. This bomb is a relatively new bomb designed to be

dropped from clusters to produce an incendiary effect. It is of the
scatter type and is filled with an incendiary oil, the composition of
which at the present time is unknown.

Bomb Description. The incendiary bomb is contained within a
hexagonal light steel case 19.5 inches long and 2.9 inches wide. This
outer case is divided into three compartments. The tail compartment
contains 9.5 feet of 3-inch gauze which occupies 1.5 inches. In the
main body of the bomb is loaded the oil emulsion filler. The FUZE,
bomb, Ml, occupies about 1.5 inches in the nose end and is separated
from the filler by an impact diaphragm. The fuze should be inserted
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in the side of the. bomb with the arrows pointing to the rear. The
bomb is designed to be packed in clusters.

Function. Upon release from the plane, the cluster breaks apart
and the safety plunger of each bomb which was imprisoned by inti-
mate contact with the bomb next to it, is free to move partially out
under spring action. This arms the fuze. At the same time, the gauze
streamer is forced out by air pressure and serves to stabilize thebomb in flight.

Upon impact, the striker moves down against its spring and strikes
the primer. The flame ignites the spitter fuse which functions a black .
powder and magnesium mixture. The combined action of these
charges ruptures the impact diaphragm and ignites the oil filler. The
mixture is spread over an area of 100 yards. The oil emulsion which
is known as IM or NP burns at a temperature of 700 C.

BOMB, INCENDIARY, WP, 10-POUND, AN-M67.
This bomb is identical to the AN-M69 described above in descrip-

tion and operation, but the filler is white phosphorus rather than in-cendiary oil.

BOMB, INCENDIARY, 4-POUND, AN-M50A1.
General. This magnesium type of incendiary bomb is patterned

after the original German "Elektron" bomb but incorporates several
distinct improvements including a blunt steel nose and a bigger '
stabilizing fin assembly. It is of the intensive type.

Description. This bomb measures 21.69 inches in length and 1.69
inches in width at the hexagonal cross section, with the center of
gravity located 6.5 inches from the tip of the nose. The bomb con-
sists essentially of a hexagonal blunt steel nose, a cored magnesium
alloy body containing a first fire charge, and a thermate igniting com-
position, a striker unit with a safety plunger, and a hollow, hexagonal
sheet steel tail approximately 8 inches long. The total weight of the
AN-M50A1 Bomb is approximately 4 pounds, apportioned approxi-mately as follows:
Magnesium alloy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 Ib 4 oz
Steel n o s e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 Ib 8 oz
Thermate igniting mixture. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l O o z

The firing mechanism and tail assembly make up the balance of vthe weight

Description. The striker is held away from a primer by the safety
plunger which is actuated by a spring tending to eject the plunger
partially out of the bomb body. It is prevented from doing so by
being imprisoned in intimate contact with the bomb adjacent to it
In the armed position, the striker is held off the primer by a thin
brass cross which rests on a firing pin holder.
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The design of the bomb, is such as to set in motion the first of its
functions immediately upon impact when released from a height of
50 feet or more above a target. Greater heights of release are always
used, however, so that a maximum velocity consistent with a pre-
determined accuracy may be obtained, thus assuring to the bomb
a maximum penetration upon impact.

Function. The cluster is dropped and the arming wire is retained
in the plane. The cluster opens and the bombs fall free. The safety
pin or plunger is now free and is partially ejected by its spring from
the body of the bomb. The striker is now held in position by only the
brass T-cross. The bomb is now armed. The hollow tail assembly and
the heavy steel nose plug assure a vertical flight of the bomb in the
air.

Upon impact, the force of inertia exerted upon the striker is suffi-
cient to send it downward through the firing pin holder, pulling after
it the thin brass cross. The consequent impact of the firing pin on
the primer ignites the first fire charge. The fire charge ignites the

. thermate mixture and this ignites the magnesium alloy body. For a
period of about 10 minutes, the body burns at an intense heat of
2,300 F to 2,500 F.

Painting and Stenciling. The bomb is painted a blue-gray base
color with one purple band and purple stencil to indicate a nonper-
sistent incendiary. The lettering is in panel form surmounted by the
band on the body of the bomb and gives the following information in
two size letters as follows:

. Purple band . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . — — —
Thermate .......:.".....................................TH
Model number .................................. AN-M50A1
Loader's initials or s y m b o l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . EA
Date of filling......................................... 10-41
Loader's lot n u m b e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . i... .Lot 123

Packing. These bombs are packed 34 to a cluster in a metal-lined
wooden box Larger cluster may be found having 62 and '128 bombs
to the cluster.
BOMB, INCENDIARY, 4-POUND, AN-M50XA1.

This bomb is approximately equal in weight and is identical in
measurement to the AN-M50A1 described above, and differs only in .
composition in that it contains a burster charge of 170 grains of
black powder. The black powder burster charge is contained in a
metal case near the nose of the bomb. The presence of the burster
charge decreases the weight of the thermate igniting mixture by a
slight amount.

The burster charge is incorporated to make hazardous an immedi-
ate approach to a burning bomb, thus discouraging attempts at ex-
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tinguishing all 4-pound incendiaries. In this way, it increases the life
span and burning efficiency of the standard Nonexplosive Incendiary
AN-M50A1. The burster charged bomb may be said to "run inter-
ference" for the nonexplosive bomb. It explodes about IVi minutes
after the bomb is functioned. Approximately 20 percent of 4-pound
magnesium alloy bombs in a cluster are of the AN-M50XA1 type.

BOMB, INCENDIARY, 2-POUND, AN-M52.
This bomb is similar to the AN-M50A1. It is shorter, 14.25 inches

long, although it is the same width. It has no steel nose, nor does it
have a long hollow tail assembly, although it has a short sheet metal
tail approximately 5 inches long. In all other respects, except for
the weight of the components, it is the same as the AN-M50A1. It
is of the intensive type. The firing mechanism, the first fire charge, the
thermate igniting composition, and the hexagonal magnesium case is
the same. It is designed to be loaded so that 51 bombs may fit into
100-pound adapter clusters, 93 bombs into 250-pound adapter clus-
ters and 192 bombs into 500-pound clusters. Upon function, the bomb
burns at an approximate temperature of 2,400 F for a period of
approximately 6 minutes.

BOMB, INCENDIARY, 4-POUND, AN-M54.
General. This bomb is similar to the 4-pound AN-M50A1 but it is

designed to be used against much more resistant targets such as
inflammables encased in metal as oil tanks. It burns at a much higher
temperature and for a much shorter period of time. It is of the inten-
sive type.

Description. Although within a fraction of an ounce of the same
weight and-of almost identical appearance, the AN-M54 differs con-,
siderably from the AN-M50A1 in its construction. The major differ-
ence is in its body, which is of tubular steel, and in the amount of
thermate igniting mixtures. This allows for a much higher burning
temperature although a much shorter time of burning.

There are also other differences in the weight and shape of the
steel nose, in the design and operation of the firing mechanism, and
in the weight and design of the tail. The striker, instead of being
checked by a thin brass cross, is restrained by a 1 Vi-inch thin, wire
spring attached to its nose. The spring has a pressure resistance equal
to 25 ounces in weight.

The lengths of the two bombs are almost identical, and the diam-
eter of the hexagonal noses and tails is almost the same. The center
of gravity of this steel body bomb, however, is 6 inches from the tip
of the nose, or l/t inch nearer the nose than in the magnesium type. .
Similar to the 4-pound magnesium bomb, the weight of this incendi-
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ary is approximately 4 pounds apportioned approximately as follows:
Steel b o d y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 Ib 6 oz
Steel n o s e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 oz
Thermate igniting m i x t u r e . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 Ib 10 oz

The balance of the weight is distributed in the tail assembly
and firing mechanism.

Function. The cluster is dropped and the arming wire is retained
in the plane. The cluster opens and the bombs fall free. The safety
pin or plunger is now free and is partially ejected by its spring from
the body of the bomb. The striker is held in position by a restraining
spring. The bomb is armed. The hollow tail assembly and the heavy
steel nose plug assure a vertical flight of the bomb in the air.

Upon impact, the force of inertia exerted on the striker is sufficient
to send it down against its spring. The firing pin functions the primer
charge which ignites the first fire charge. The first fire charge ignites
the thermate igniting mixture in the bomb core. For approximately
1 minute, the thermate burns fiercely at a temperature between
4,300 F and 4,400 F. This intense heat melts the tubular steel body,
releasing molten metal to run in many directions, searing and igniting
combustible material with which it may come into contact.

Marking and Packing. The marking and packing for this bomb
is exactly the same as that described for the AN-M50A1, except for
the fact that where the number 50 appears in the nomenclature
the number 54 will replace it.

BOMB, INCENDIARY, 4-POUND, AN-M54X.
This bomb is identical to the AN-M54 described above except

for the fact that a burster charge of 170 grains of black powder is
incorporated in the core near the nose. This is similar to that in the
AN-M50XA1. The purpose of the burster charge is the same as
that previously described with the Bomb AN-M50XA1. The M54X
Bombs are packed in clusters with the M54, the M54X making up
about 20 percent of each cluster.

BOMBS, INCENDIARY, INSTRUCTIONAL, GENERAL.
Instructional incendiaries have no relation to aircraft and should

not be confused with the incendiary bombs previously discussed.
Their design, construction, ignition, and purpose differ from the stand-
ard types. Only in the materials of their composition and in the nature
of their final function do they approximate incendiary bombs in the
true sense of that term.

Purpose. Instructional incendiary bombs are designed for the
purpose of demonstrating to troops and qualified civilians the func-
tional time element and incendiary action of certain types of incen-
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Figure 267 — Instructional Incendiary Bomb Ml

diaries. When burning, they and the materials ignited by them pro-
vide opportunities for instruction in methods of control of burning
magnesium and thermate bombs and the extinction of fires initiated
by them.

Use. Since they are employed for training and educational pur-
poses, instructional incendiary bombs are used at military and naval
training centers and before civilian protective groups and agencies.
Rather than being released from aircraft, dropped from stationary
heights, propelled by mechanisms or discharged from weapons, they
are hand-ignited and positioned by hand upon or near the material
to be set afire. Their control is thus completely vested at all times in
the hands of the instructor or demonstrator. For this reason, they may
not properly be termed "practice" bombs as such classification is
sometimes accorded to various other types of aircraft instructional
bombs. . ' »

BOMB, INCENDIARY, INSTRUCTIONAL, Ml.
General. This bomb simulates the magnesium type of incendiary

bomb and is designed to give instructional methods in the handling of
bombs whose basic composition is the magnesium body.

Description. This bomb, 2 inches in diameter and 9 inches in
length, is cylindrical in appearance and is constructed of an extruded
length of magnesium alloy tubing. One end is closed by a tin cap
held in place by an 8-inch length of waterproof adhesive tape %
inch wide. The 1-inch diameter core is packed with the thermate
igniting mixture to within % inch of its fuzing head. This remaining
space Is filled with the first fire charge to within Vi inch of the end of
the bomb, at which point a metal closing disc is inserted and secured
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by a second 8-inch strip of waterproof adhesive tape. All fillings are
subjected to a pressure of 5,500 pounds per square inch. <

Three holes perforate the closing disc, one in the center, and two
3/t inch off the center. An 8-inch length of safety fuse, one end of
which has been treated with a mixture of collodion and black powder
and rests within a depression of the first fire charge, passes through
the center hole, carries up and back and is taped to the bomb. After
the installation of the fuse, the rim of the center hole is sealed with
cement and coated with quick drying shellac. The off-center holes
of Vi-inch diameter, serving as gas vents are covered with %-inch
squares of waterproof adhesive tape and coated with varnish shellac.
A pull wire fuse lighter.is taped to the bomb but not assembled to ,
the fuse.

Ignition. After 1A inch has been cut cleanly from its end, the fuse
is inserted in the fuse lighter with moderate pressure. The bomb is
then held firmly in one hand with the thumb pressing the fuse lighter
flat against the bomb body. With the other hand, the handle of the
fuse lighter is pulled sharply away from the fuse which will burn
for 30 seconds before igniting the first fire charge. The bomb will
then burn for 5 minutes.

\

Safety Precautions. The following safety precautions should be
observed when igniting instructional, incendiary bombs:

Protect the hand holding the bomb with a heat-resisting glove or
pad.

Point the fuze end of the bomb away from the face and body when
pulling the fuze lighter.

Place the bomb in its predetermined incendiary position immedi-
ately after pulling the fuze lighter.

Stand at least 10 feet from the bomb after it has been placed in
its incendiary position.

Remain in such position for at least 30 seconds after the bomb
has ignited.

Marking and Packing. The instructional incendiary is marked
with one band and lettering in purple lacquer enamel to indicate its
type, the initial or symbol and lot number of the loader, and the date
of filling.

Bombs are packed in cartons designed to contain four bombs each,
and thence packed in wooden boxes designed to contain from six .to
eight such cartons. Packing cartons and shipping boxes are both
marked in the same manner as the bomb body.

BOMB, INCENDIARY, INSTRUCTIONAL, M2.
General. This bomb simulates the thermate type of incendiary

bomb and is designed to give instructional methods in the handling
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of-bombs whose basic composition is the thermate igniting mixture
and steel body.

%
Description. Only in structibnal substances and in minor details

does this thermate bomb differ especially from the foregoing -mag-
nesium type. It is 9 inches in length, but its body has a diameter of
only 1 V4 inches and is constituted of steel tubing 0.04 inch thick. One
end is closed by a tin plate, friction fitted and soldered, the other
by a similarly, soldered plate containing a center fuze hole and three -
vent holes equally spaced around the center. The body filling con-
sists of thermate capped by a first fire charge.' A 6-inch powder time-
train fuse tipped with a collodion and black powder mixture is assem-
bled in the same manner as in the Ml Bomb. The vent holes are
taped; both they and the run of the fuze holes are treated with com-
mercial liquid solder to insure waterproofing. A pull wire fuse lighter
is taped to the bomb but not assembled to the fuse.

Ignition. This bomb is ignited in the same manner as the Ml pre-
viously described. The burning time for.this bomb is 75 seconds,
however. • '

Safely Precautions, Marking and Parking. The safety precau-
tions/ marking and packing described for the Ml Instructional In-
cendiary Bomb apply in the same manner to the M2 Instructional
Incendiary Bomb.

CLUSTER ADAPTER T2.
General. All intensive incendiary bombs (except instructional) .

are designed to be released from clusters. The use of adapter clusters
permits the bombs to be dropped effectively over a given area and .
also permits the use of the same bomb racks for demolition bombs.
The Cluster Adapter T2 is described as a 100-pound adapter and is
designed to be suspended in bomb racks which receive 100-pound
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demolition bombs. It .resembles the Ml Adapter Cluster used for
fragmentation bombs.

Description. This adapter is composed of two thin steel end plates
attached at right angles to two steel rods. The end plates are approxi-
mately 9 inches in diameter resembling a rounded shield or fat letter
"U" closed at the top. One of the rods is %n-inch in diameter and
is solid (separator), while the other is hollow with a-3/i-inch outside
diameter (barrel). The hollow rod, open at one end, is attached to
the top centers of the -end plates; the solid rod is a'ttached to the
bottom. A series of four small transverse holes in the hollow rod-are
at equal distances between the ends. At about one third the distance
from each end is welded a steel suspension lug.

Long wires pass through the four series of holes in the hollow rod
or barrel. These encircle a total of 34 bombs separated into two equal

'lots, and each bomb is positioned so that its safety pin or plunger
is imprisoned against the adjacent bomb. A cluster adapter metal
support plate of three angled sides, each side of which is the equival-
ent width of one of the hexagonal sides of the bomb nose and tail, is
on each side of the cluster in such manner, that the adapter plate
grips the sides of three bombs. There are four such plates for a full
adapter load each plate being notched at its top and bottom. The wire1

through the barrel passes through the notches of the cluster plates
- and the ends are twisted together, under the solid rod, thus insuring
two fast, compact, and immobile clusters of 17 bombs each within
the adapter.

Assembly. A special ball type cartridge similar to that used in
fragmentation bomb clusters described • previously is inserted into
the open end of the hollow rod and the assembled firing mechanism
is'screwed on the barrel. The completed and loaded cluster adapter
is then attached to the bomb shackle by nieans of the two suspension
lugs welded around and to the hollow rod, and the arming wire is
substituted for the safety pin in the firing mechanism. The plane is
now serviced for incendiary flight. • , •
. Function. The cluster is dropped and the arming wire is retained

in the plane. The compressed spring forces the firing pin into the
primer of the cartridge. The propelling charge is ignited and propels
the bullet through the barrel, cutting the four wires holding the two
clusters to the adapter. The bombs tumble out The bullet spends
itself against the plug in the sealed end of the hollow rod. In a few
seconds, the bombs right themselves and speed earthward nose first,
the slip stream o'f the airplane and the backwash of the propeller
having dispersed them. The cluster must open before the bomb can
be armed, and the bombs must be dispersed for proper incendiary
effect. In all operations, the adapter falls as a unit' to the earth, empty
or filled, as the case may be.
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Should it be necessary or desirable to rid the plane of its loaded
cluster adapter unarmed, the arming wire is dropped with the incen-
diary cluster. This allows the cluster adapter with all of its bombs
to fall as an intact unit.

Cluster Adapter Markings. It should be noted that the 4-pound
incendiary bombs are not only manufactured as complete units in
munitions plants, but are grouped in clusters as well, each cluster
being "spotted" with its approximate 20 percent ratio of explosive or
"X" bombs, and the finished cluster being properly loaded into the
cluster adapter and secured as described.

The complete cluster is then packed in its metal-lined shipping
box together with the arming wire. For this reason, it is necessary
that proper information be shown upon each cluster adapter. Depend-
ing on the type of bomb, the' following facts are stenciled in black
upon the outside of one of the adapter end plates:

CLUSTER ADAPTER 100 LB. T2
FOR

34 INCENDIARY BOMBS
4LB. AN-M50A1

CLUSTER ADAPTER AN-M3.
General. This cluster is designed to replace the Cluster Adapter

T2. It is of the mechanical releasing type similar to the AN-M1A1
Adapter Cluster for fragmentation bombs.

Description. This cluster adapter is fundamentally similar to
Cluster Adapter T2 described above, but is of noticeably different
design and appearance. In place of the two parallel rods in the T2
Adapter, two parallel channelized bars of approximately '/jo-inch
sheet steel and 47.87 inches in length have been substituted. In addi-
tion, four %-inch thin sheet steel bands are substituted for the four
cluster circumscribing wires, and three manipulative suspension lugs
are set in a special affixed plate atop the upper bar to supersede the
two welded lugs of the T2 Adapter in the same manner as the
AN-M1A1 Cluster for fragmentation bombs.

The cartridge, and the four side support angle plates are not
present. Four steel bands circumscribe the clusters, with band ends
meeting above the top bar of the adapter, thus holding the bombs
within the adapter frame. Each such function of ends is made fast
by a common adapter length locking pin, which is assembled to the
cluster adapter at the point of bomb manufacture. In the case of this
cluster adapter, a 4-pronged arming wire is likewise- assembled to
the adapter at the point of bomb manufacture. The full adapter is
attached to the bomb shackle by means of its suspension lugs. The
last operation is the withdrawal of the common locking pin.
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Fund ion. The cluster is dropped and the arming wire is retained
in the plane. The four prongs of arming wire release the steel bands
which spring open and release the bombs. In a few seconds, the
bombs right themselves and speed earthward, nose first, the slip
stream of the plane and the backwash of the propeller having dis-
persed them. .The bombs are now said to be armed. In- this cluster
adapter, the rods and end plates likewise fall apart and drop earth-
ward. . •

Cluster Adapter Markings. In addition to the information de-
scribed as stenciled upon one of the end plates of Cluster Adapter
T2, the opposite end plate of Cluster Adapter AN-M3 will also bear
the word "FRONT" for instruction in loading.

EXTINCTION OF AND CARE IN HANDLING INCENDIARY
BOMBS.

• General. Incendiary bombs should be handled carefully. How-
ever, should one of the incendiaries described function when unde-
sired, care, knowledge, and preparation is required to extinguish the
bomb. It should be noted that the subsequent discussion applies only
to the incendiaries discussed. Procedures to extinguish foreign incen-
diaries have recently changed to combat the new types found. These
newer procedures are in sharp contrast to the procedure to be treated
herein which is effective only for the incendiaries described previously. .

In dealing with these incendiaries, efforts are aimed at control
rather than extinguishment. Methods of control are described below,
but in all instances one fundamental rule of conduct should be
observed:'Do not approach the bomb after its ignition until the
expiration of 2! minutes. Both the spattering effect of the thermate
igniting mixture and the burster charge explosion of the explosive
bomb types are dangerous to personnel. ' •

Control of AN-M50A1, AN-M50XA1, and AN-M52.
Water. In the use of water for control, care must be taken that no

large amount such as a solid stream or a bucketful comes quickly
into contact with the burning bomb. Should such occur, the resulting
explosion will scatter burning fragments of magnesium over a consid-
erable area. A fine water spray applied to'the bomb will accelerate its
burning rate and thus decrease the burning time.

Solids. Almost any powdered solid that is not of itself combustible
is, to varying degrees, effective in controlling a burning magnesium
bomb. Such substances, when thrown upon the bomb, decreases the
amount of oxygen, thus causing the bomb to burn less violently. It
may then be approached more closely and, if possible, moved to a
less vulnerable place. This removal should be effected by means of
a long-handled shovel, or some similar implement, and the bomb

r



TM 9-1904

AMMUNITION INSPECTION GUIDE

TM 9-1904

BOMBS FOR AIRCRAFT

I

S;

u
•o•spo

I

e
"5ee

o

K
«M

694

should be deposited in some receptacle, the bottom of which is lined
with some noncombustible solid, preferably of a powdery nature.
This fire resistant false bottom is more important, for without it the
bomb might quickly burn through the vessel. Suggested solids include
sand, commercial fire resistant powders, talc, ashes, and earth.

Chemicals. Chemical fire extinguishers are no more effective than
water, and should be used with caution because of possible harmful
physiological effects resulting from the reaction of burning mag-
nesium and ingredients of certain extinguishers. Carbon tetrachloride,
the filling of one type of extinguisher, gives off a vapor with anaes-
thetic properties similar to chloroform and is, therefore, dangerous
in confined spaces. Accompanying this vapor may also be the toxic
gas phosgene. Carbon dioxide, in contact with burning magnesium is
broken down into carbon and deadly monoxide gas.

Control of AN-M54 ami AN-M54X. These thermate and steel
bombs burn at temperatures between 4,300 F and 4,400 F and cannot
be smothered by water, sand, or other materials. This is true because
the thermate mixture contains its own adequate supply of oxygen.
The bomb simply must burn itself out, which it will do in not more
than 2 minutes. Personnel should take pains to dispose of the molten
iron produced during the thermate reaction.

Treatment of Burns From Incendiary Bombs. Particles of burn-
ing metal in contact with the skin should be removed at once. Should
injury result' from imbedded particles of magnesium bomb, relief
may be obtained by application of petroleum jelly or some equivalent
substance. But in no case should water be applied, as this will stimu-
late the burning rate of magnesium. For injury due to the thermate
and steel, bombs, flooding the affected surface with water will cool
the molten iron and afford relief. Further treatment, once the metal
has ceased burning, will be the same as that for any burn of like
degree. Injury to eyes will require immediate medical or hospital
treatment ' •

Care and Preservation. Extreme care should be exercised to in-
sure that these bombs are stored in a dry place well removed from
heat and fire. Rough handling is prohibited. If the airtight seal of the
shipping containers is broken, the first fire charge of the bomb will
absorb moisture which will radically interfere with ignition of the
bomb. This is especially true of moisture-laden bombs loaded into a
plane and carried aloft. The extreme low temperature of high altitude
causes the first fire charge to freeze, thereby rendering the bombs
completely useless for incendiary purposes.

. \ . .
FURTHER REFERENCES* A complete list of references dealing

.with bombs can be found at the close of this section. ,
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Chapter 8
Prqettee and Drill Bombs

GENERAL.
Practice Bombs. Practice bombs are used during both peacetime

and wartime. Their chief function is to enable Air Corps bombardiers
to practice their marksmanship with bombs which resemble real
bombs closely enough to assure that a hit with a practice bomb would
be a hit with a real bomb. A secondary function is to give ordnance
personnel practice in assembling, fuzing, and handling bombs.

Development. Practice bombs in contrast to other practice am-
munition are not made by using the same case as the H.E. round
and filling it with a spotting charge. Obviously it would be too ex-
pensive to drop large GP bombs, sand filled with a'spotting charge
and fuze added for practice. Therefore,- the search for a cheap bomb
was initiated.

The first real practice bomb used by the Army was water filled.
This bomb had no spotting charge but depended entirely upon the
resultant splash to inform the bombardier of his accuracy. This type
was unsatisfactory for the following reasons:

The water froze at high altitudes. ~"
The water moved and caused the bomb to waver in flight.
The splash could not be seen from high altitudes.
Another bomb was developed using sand and water as -the filler.

This gave the bomb added weight and prevented the water from
•wishing around during flight. To increase its visibility at the point of
impact, a spotting charge was added in the tail end of the bomb.
This was in the form of a smoke compound confined in a glass bottle.
This compound on exposure to air immediately formed a cloud of
smoke. However, it was found unsatisfactory because of the following:

The glass bottle burst at high altitudes. ,
The cap loosened under high pressure or temperatures.
The contents froze and broke the bottle at high altitudes.
In any of these cases, the plane became filled with smoke.
At this point, it was decided to use the empty bomb bodies of the .

Mark series from the first World War as practice bombs and at the
rame time to continue the search for a satisfactory cheap bomb. The
Mark series used, consisted of bombs 17, 25, 40, 50, 100, and 300
pounds in weight. Sand, a spotting charge, a fuze (either nose or"
tail) and a primer detonator wherever necessary were added to the
bomb body to make for a practice bomb.

Finally the 100-pound M38, later modified in several respects so
•as to become the M38A2, was developed as the standard practice '
bomb for demolition bombing..In the subsequent pages, the bombs
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discussed are those which are in use at the present time and were
developed for practice in the. use of specific types of service bombs.

Drill Bombs and Cage Bombs. Drill bombs are provided for
. training and practice in assembling, fuzing, handling, and loading

' on planes, and for the study of logistics. They are fitted with adapters
to receive inert fuzes of standard models. Drill bombs are of the
same size, shape, and weight as the corresponding service bombs.
These bombs contain no explosive and are painted black or olive
drab with black bands and are appropriately marked to distinguish
them from explosive bombs. '

Manufacturers of the various types of bombers and manufacturers
of bomb racks are chiefly interested in gage bombs. These are either
empty standard bombs or wooden forms used in the testing of planes
for clearances, or in testing racks for capacity or proper function.

BOMB, PRACTICE, 100-POUND, M38A2.
General. This1 bomb is used to give practice in demolition bomb-

ing. It is a thin case bomb, easy to manufacture, cheap in cost, and
accurate in use. The bomb case cannot be reused after it has once
been dropped in practice.

Body Description. It is constructed of light sheet metal, approxi-
mately 22 gage. The body is formed by rolling a rectangular sheet
of metal into the form of a cylinder 8 inches in diameter, and spot-
welding the seam at 2-inch intervals.'The rounded nose is pressed
from the same metal, as is the tail which is formed in the shape of
a cone. Inside of the smaller end of the conical tail section is welded
the spotting charge receiver. It extends about 7 inches into the cone
and projects about 2 inches out of the tail end. The inner end of '
this receiver is fitted with a shoulder which supports a thin metal
cover which is inserted after sand loading to protect the spotting
charge from the sand in the bomb. At the outer end of the receiver
are two projecting ears which serve to lock the spotting charge in
place. '

The receiver may be equipped with a cover cap. This is sometimes
removed because it tends to stick tightly and make insertion of the
spotting charge difficult in the field. Since the bombs are protected
from the elements by at,least a tarpaulin, this procedure does not
appreciably harm the bombs.

Two suspension lugs are bolted to the bomb body during fabrica-
tion. The tail portion ends in a box' type tail fin which has one blade
in line with the suspension lugs. The over-all length of the bomb body
is 47'/« inches. When empty, the bomb body weighs approximately 14
pounds. When completely loaded with sand (approx. 80 Ib) and
spotting charge, the weight of the bomb is approximately 100 pounds.
The cost of the empty bomb body is approximately $ 1.50. When
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completely loaded, the cost of the complete round is approximately
$3.00. It receives the M1A1 Spotting Charge which houses both the
spotting charge and firing mechanism. The Suspension Band Ml is
provided for single suspension. The band is a separate component.

CHARGE, Spoiling, MIAl.The M1A1 Spotting Charge is used to
provide a charge and a firing mechanism. It is made from a large

"size tin can which has 3 pounds of black powder assembled loosely
within. At the top of the can is a cover which has a hole in it for
the insertion of a 28-gage blank shotgun shell and firing mechanism.
The blank shotgun shell serves as a primer and igniting charge.

.The firing mechanism consists of a fuze housing which has within
it a striker held in position by art arming pin. Below the striker is
a separate firing pin. The arming pin is always being forced outward
by its spring but it is held in position by a cotter pin or arming wire
located in one of the two eyelets in the small end of the arming pin.
A small freely fitting sleeve is assembled over the end of the arming
pin which is held in place by a cotter pin in the outer of the two holes.
This sleeve makes the.cotter pin more accessible and provides for
proper arming wire resistance. It is important that this sleeve is al-
ways in place and that it is a loose fit on the arming pin. An inner
hole through which the arming wire is threaded is exposed by a slight
pressure on the head of the'arming pin. The complete assembly is
moistureproof and must not be disassembled under any circumstances.
It is painted red with black stencil.

To assemble the spotting charge, about 80 pounds of sand is first
added to the bomb. This requires filling to within V4 inch of the
receiver with sand. No water is ever to be added to the sand. The

• receiver cover disc is then inserted and the spotting charge is placed
in the receiver so that the cotter pin is alined with the two suspension
lugs. The two holes in the spotting charge cap are alined with the
two ears projecting from the receiver sleeve. A slight force will cause
the spotting charge cap holes and receiver ears to engage. A wooden
tool is used to facilitate this action. This prevents .longitudinal or
rotational motion of the spotting charge in the receiver. The arming
wire is placed- through the inner hole of the arming pin after being
threaded through the rear suspension lug. The arming wire is ad-
justed so as to protrude 2 to 3 inches beyond the arming pin. No
safety clip is to be used.

Function. The bomb is' dropped and the arming wire is retained
in the plane. The arming pin ejected by its spring allows the striker
to move down and come to rest on the firing pin. \ '

On impact, the force of inertia causes the striker to move down
against the firing pin. The firing pin strikes the primer of the 28-gage
blank shotgun shell, igniting ,it. The flame produced ignites the ignit-
ing charge in the blank shotgun shell which in turn ignites the black
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powder spotting charge. The black powder produces a puff of white
smoke at the point of impact to indicate where the bomb has struck.
The bomb body is riot reusable after dropping.

Packing. The bombs are packed 1 per cardboard container,
empty. The spotting charges are packed 20 to the box. They are
shipped separately.
• Complete Round Components. Components necessary for a com-
plete round consist of the following:
BOMB, practice, 100-pound, M38A2, less spotting charge
CHARGE, spotting, assembly M1A1, Practice Bomb, 100-pound,

" M38A2
Wire, arming, type A

BOMB, PRACTICE, 20-POUND, M48.
General. This bomb is designed to give practice in high-altitude

fragmentation bombing. The bomb body may be reused after it has
been dropped in practice unless it is badly damaged.

Description. The bomb body is cylindrical in shape and is made
of heavy cast iron. To the rear of the bomb body, a hole in the side
of the bomb, covered by a sheet metal disc is provided to allow for
the escape of smoke. Opposite the hole on the other side of the bomb

. body is a lug for horizontal suspension. The nose is threaded to re-
ceive the MHO or the AN-M110A1 Bomb Nose Fuze. The body is '
hollow and receives a spotting charge of 0.13 pound of black powder.
The rear of the bomb body is closed by means of a threaded cap.
The cap is also threaded to receive the fin assembly. The fin assembly
is bladed and the same as that of the 20-pound AN-M41 Fragmenta-
tion Bomb. Attached to the fin assembly is a lug for vertical suspen-
sion of the bomb. The fin is held securely to the threaded cap by
means of a set screw. The over-all length is 21.7 inches. The total
weight with spotting charge, (no inert filler is used) is 26.5 pounds.

Function. In function, it acts exactly as the 20-pound AN-M41
High-altitude Fragmentation Bomb using the same fuze. The cluster
is dropped and the arming wire is retained in the plane. The cluster

• opens and the bombs drop out. After several hundred revolutions of
the vane, the fuze will arm. Upon impact, the fuze will function the
black powder spotting charge. The smoke produced will blow out the
metal disc and will show a white puff at the point of impact. The
bomb body may be reused although the other components, fuze and

. spotting charge, must be replaced.
Packing. The bombs are packed in clusters, six bombs per cluster. <

Cluster Practice Bomb M2 is similar to the Fragmentation Bomb
Cluster Ml except that six practice bombs replace the six fragmenta-
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tion bombs. Cluster Practice Bomb M2A1 is similar to the Frag-
mentation Bomb Cluster AN-M1AI with the same difference as de-
scribed for the Ml and M2 Clusters.

Complete Round Components. A complete round consists of the
following components:
BOMB, practice, 20-pound, M48, unfuzed without spotting charge

assembly
CHARGE, spotting, assembly, PRACTICE BOMB, 20-pound, M48

, FUZE, bomb, MHO or AN-M110A1 (nose)
Wire, arming, type A

BOMB, PRACTICE, 17-POUND, M37.
General. This bomb is designed to give practice in low-altitude

parachute fragmentation bombing with or without the use of a fuze.
The bomb is designed for reuse after it has been dropped.

Description. The bomb body is cylindrical in shape and is made
. of cast iron. Near the nose of the bomb body are two diametrically

opposed holes leading into the bomb body. These holes allow for
the escape of smoke from the spotting charge. At the center of
gravity (6.13 inches from the nose) will be found a lug for horizon-
tal suspension. The nose is threaded to receive the M104 Practice
Bomb Nose Fuze or a closing plug. This fuze is similar to the M104
Fuze previously described except for the omission of the booster
cup and charge of tetryl. The body is hollow and receives a spotting
charge assembly weighing 0.75 pound. The rear of the bomb body
is closed by means of a threaded cap. The cap is threaded to receive
the same parachute assembly as the 20-pound M72 Fragmentation
Bomb. Attached to the parachute case are wires which end in a lug
for vertical suspension. The parachute case is held securely to the
threaded cup by means of a set screw. The over-all length is 29.4
inches. The total weight with spotting charge (no inert filler is used)
and fuze is 22.5 pounds.

Function. In function, it acts similarly to the 23-pound, M72,
Low-altitude Parachute Fragmentation Bomb dropped without clus-
ter. The bomb is dropped and the parachute opens arming the fuze.
Upon impact, the firing pin initiates the detonator charge in the fuze
(no booster) which in turn functions the spotting charge located at
the rear of the bomb body. The smoke produced will blew out from
the holes in the bomb body, producing a puff of smoke at the point
of impact The bomb body and 'parachute case may be reused al-
though the other components, fuze and spotting charge, must be re- (
placed.

NOTE: Since the parachute is ample for spotting purposes, the
fuze and spotting charge are no longer used.
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Packing. The bomb bodies, parachute units, fuzes, and smoke
charges are shipped separately. The bomb bodies are packed four
to a wooden box, whereas the parachute assembly is packed eight
to a wooden box.

Complete Round Components. A complete round consists of the
following components: ,
BOMB, practice, 17-pound, M37

' PARACHUTE and CASE assembly for 17-pound Practice Bomb M37

BOMB, PRACTICE, 23-POUND, M71.
General. This bomb is designed to give practice in low-altitude

parachute fragmentation bombing using an adapter cluster.
The bomb consists of the 23-pound M40 Bomb Case and parachute

assembly. The bomb case is empty, and in place of a nose fuze, a nose
plug is inserted. It is dropped from a cluster in the same manner as'
the 23-pound M40 Bomb. The open parachute lying on the ground
after dropping provides a simple and efficient means of identifying
where the bomb struck. All parts of this bomb are reusable.

It is packed in clusters, three bombs to the Adapter Cluster M3
previously described. The entire practice bomb cluster is designated
as the MS and differs from the M4 Fragmentation Bomb Cluster in
that three practice parachute bombs replace the three fragmentation
parachute bombs and no fuzes are used.

BOMB, PRACTICE, 23-POUND, M73.
General. This bomb is designed to give practice in low-altitude

parachute fragmentation bombing, using bombs suspended singly.
This bomb consists of the 23-pound M72 Fragmentation Bomb

Case and parachute assembly. The bomb case is empty, and' in place
of a nose fuze, a nose plug is inserted. It is dropped in the same man-
ner as the 23-pound M72 or as the 17-pound M37 Practice Bomb.
The open parachute lying on the ground after dropping provides a
simple and efficient means of identifying where the bomb struck. All
parts of this bomb are reusable.

BOMB, PRACTICE, 3-POUND, AN-MK. 5 MOD. 1.
General. This bomb is designed to give practice in* low-altitude

bombardment. It is particularly used for dive bombing practice on
water or land. The bomb is rugged enough to allow for reuse after
it has been dropped

. Body Description. The bomb body is streamlined or tear drop
in shape, having a blunt nose and a tapered tail. It is made in one
piece zinc alloy casting. An axial hole somewhat wider at the nose
portion, extends through the bomb and is approximately 0.9 inch in
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diameter. A tail fin which consists of four blades is part of the body.
There is no suspension lug on the bomb body. At the nose, a firing
mechanism and blenk shotgun shell is assembled to provide for a
puff of white smoke. The entire length of the bomb body is about
8 inches. The total weight of the bomb body is approximately 2.7
pounds.

Firing Mechanism and Spoiling Charge. The firing device con-
sists of two shallow cups separated by a spacer. The firing pin extends
through the bottom of one cup. The firing mechanism is held in
place at the nose by a cotter pin which passes through holes in the
bomb body above the firing pin and thereby prevents it from falling
out through the nose and by a shoulder produced by the axial hole
becoming smaller in diameter to prevent it from dropping out through
the tail of the bomb body.

The Signal Cartridge AN-Mk. 4 consists of a long 10-gage blank
shotgun shell 5.75 inches long containing an ejection charge and a
pyrotechnic charge'which burns above water after impact, forming a
large puff of white smoke. To assemble the cartridge, it is only neces-
sary to remove the cotter pin and firing pin assembly. The cartridge
is then inserted. It is held by the flange on the brass base of the
cartridge coming in contact with the shoulder of the bomb body.
The firing pin assembly, having the firing pin directly above the
primer of the cartridge, is replaced. The cotter pin is next inserted
through holes in the nose of the bomb body to prevent the entire
assembly from dropping out. No arming wire is used.

Function. The bomb is dropped, and on impact, the firing pin
strikes the primer of the cartridge. The flame produced ignites the
black powder which in turn expels a puff of white smoke through
the tail of the bomb body to indicate the point of impact. The bomb
body is reusable. ' >

Packing. The bomb body and signal cartridge are shipped sepa-
rately. The bomb bodies are shipped with the firing mechanism assem-
bled to the bomb, 25 per crate. The signals are packed in a paper •
carton, 20 per carton, 20 cartons are packed per wooden box.

Complete Round Components. A complete round consists of the
following components:
BOMB, practice, 3-pound, AN-Mk. 5 Mod. 1
BOMB, signal, practice, AN-Mk. 4
Comparison to Other Models. The AN-Mk. 5 Mod. 1 can be com-
pared to a number of other miniature practice bombs as follows:

AN-Mk. 5. This bomb has a firing mechanism which is less sensitive.
M36. This bomb is the same as the AN-Mk. 5. It is made of a one

piece die casting. It utilizes the M4 and MS Blank 10-gage Shotgun
Shell. The M4 has more powder and is used for high altitudes.
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AN-Mk. 23. This bomb is 3 pounds in weight, made of cast iron.
AN-Mk.43. This bomb is 4 pounds in weight, made of lead, and

suited for glide and dive bombing. It conserves zinc.
• *

FURTHER REFERENCES: Ordnance Drawings; TM 9-1980,
Bombs for Aircraft; TM 3-330, Incendiary Bombs; OS 9-18, Ammuni-
tion, General; Ordnance Pamphlet No. 878; Ordnance Pamphlet No.
736; TM 9-1900, Ammunition in General; Pamphlet No. 2, Chemical
Warfare; The Ordnance Sergeant; Complete Round Chart No. 5981;
O.O. 7224, Ordnance Safety Manual; OS 9-49, Aircraft Depth Bomb
Mk.XVII.
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SECTION VIII.

MILITARY PYROTECHNICS

Chapter 1
Pyrotechnics

GENERAL. ~
Pyrotechnics are modifications of fireworks designed to produce a

brilliant light for illumination, or to produce colored lights or smoke
for signaling.

Some pyrotechnics were originally designed to be projected from
or used on the ground; others to be released from or fired from air-
craft. Accordingly they are classified as:

1. Ground types.
2. Aircraft types.
Further, pyrotechnics are classified according to the purpose for

which they are intended:
1. Illumination. , .
2. Signaling.
Illumination may be necessary for:
1. Reconnaissance.
2. Observation.
3. Bombardment.
4. Landings.
Signaling may involve sending messages from aircraft to other air-

craft, or to ground units. On the other hand, it may involve sending
messages from ground troops to other ground troops, or to aircraft.

Pyrotechnic, Flare Composition. In general, pyrotechnic composi-
tions may be said to be mechanical mixtures of chemical compounds
and elements. The action^ produced is an incandescence of the gases
and of the small particles of solids carried by the gases. These sub-
stances, by virtue of their chemical composition, radiate much more
light of the desired wave length than inert materials heated to the
same temperature.

Chemical Characteristics. Since the composition is pressed into
the form of candles, and burns progressively from one end to the
other, oxygen of the air is not sufficient to support rapid combustion.
Therefore, the mixture must contain an oxidizing agent for combus-
tion, as well as a fuel. When subjected to pressure, the mixture must
be sufficiently coherent to remain in compact form, so a binding
agent is necessary. If the composition is to yield a colored flame, it
may be necessary to include a color-intensifying compound. This
compound must not affect the thermochemical reaction as a whole,
but should influence the spectral distribution of the flame. In order
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to obtain the desired results, the burning rate must be kept within
controllable limits. A retarding agent is needed for this purpose.
Finally, as the composition must be protected against the absorption
of moisture, a waterproofing agent is required. As some materials
serve more than one purpose, each composition does not contain
single ingredients serving each of the purposes mentioned.

The ingredients used in pyrotechnic flare compositions may be
classified as fuels, oxidizing agents, color intensifiers, retardants, bind-
ing agents, and waterproofing agents. Typical ingredients in the clas-
sification are as follows:

1. Fuels. Provide combustible material: magnesium; aluminum;
sulphur; asphalt; resinates of calcium, barium strontium, copper.

2. Oxidizing, agents. Provide oxygen for combustion: perchlorates
of potassium and ammonium; chlorates of potassium and barium;
nitrates of potassium, barium,- strontium, sodium; chromates of stron-
tium and barium.

3. Color intensifiers. Add color to flame: chlorides of barium, stron-
tium, copper; nitrates of strontium, sodium.

4. Retarding agents. Control burning rate: asphalt, paraffin, sul-
phur, resinates of metals.

5. Binding agents. Hold composition together: asphalt, paraffin,
sulphur, resinates of metals.

From this tabulation, it is obvious that in some cases a single
material will serve more than one purpose.

Factors Influencing Candlepower and Burning Rate.
1. Percentage compositions.
The addition of an ingredient may increase or decrease the candle-

power and burning rate, depending on its chemical characteristics.
For example:

Color-intensifying agents which are also oxidizing agents can be
used to increase the candlepower and burning rate. Color intensifiers
which are neither fuels nor oxidizing'agents reduce the candlepower
and burning rate while improving the color value.

2. Granulation of ingredients.
If a given composition is prepared from ingredients having certain

granulations, and this is formed into a candle under a prescribed up-
loading pressure, combustion will take place at a controlled rate.
This will result in definite pyrotechnic characteristics. It has been
found that if the granulation of one or more ingredients is changed,
the chemical reactions involved in the burning are retarded or acceler-
ated, and the pyrotechnic values are affected. In general, decrease in
size of particles increases the candlepower and increases the burning
rate.
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3. Density of loading (pressure)
It has also been found that the pressure under which a composition

is formed into a candle affects the pyrotechnic characteristics. How-
ever, increased pressure brings about an increase in candlepower and
a reduction in burning rate.

4. Diameter of candle (burning area).
Taking the same quantity of composition and forming, at constant

pressure, candles of increasing diameters it has been found that an
increase in diameter will cause an increase in candlepower and an
increase in burning rate for the candle as a unit. This is naturally due
to more exposed burning area.

Stability of Pyrotechnic Flare Compositions. The stability char-
actristics of pyrotechnic compositions as a class present a problem
of major magnitude. This is due to the fact that ingredients, which
in themselves may be quite stable, may prove extremely unstable
when mixed with certain other materials.

Magnesium and aluminum are excellent fuels because each burns
with a white light which is accompanied by the formation of a refrac-
tory oxide. Magnesium is superior to aluminum in these respects.
However, each undergoes oxidation on exposure to air or moisture,
magnesium being more easily oxidized than aluminum. In the case of
aluminum, it appears that the thin film of oxide formed in early
stages of oxidation acts as a protective coating. Magnesium, however,
must be protected by a thin film of chemically inert material, such
as paraffin.

Anhydrous strontium nitrate is hygroscopic, but normally stable.
However, it has been found that when composition containing 40
percent strontium nitrate, 15 percent strontium chromate, 9 percent
strontium chloride, 10 percent strontium resinate, 26 percent mag-
nesium, coated, are subjected to storage at 50 C, there is no deteriora-
tion. However, at magazine temperatures there is a very definite
deterioration within 9 months. Deterioration is accompanied by the
formation of ammonia, indicating reduction of the nitrate by the mag-
nesium. The reaction has been ascribed to temperature fluctuations,
causing condensation of moisture or dehydration of the crystalline
strontium chloride resulting in reaction between the nitrate and mag-
nesium.

Slight volatility of a solid ingredient may cause the deterioration
of a pyrotechnic composition. '

Peroxides such as those of barium and strontium are oxidizing
agents and color intensifiers. There is some evidence that, unless
compositions containing these are protected from atmospheric mois-
ture, this causes the reduction and hydration of the peroxide and
consequent deterioration of the composition.
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The stability of the newly developed pyrotechnic composition
must, therefore, be established by storage at different temperatures
with periodic tests. This is usually done by placing candles, in water-
proofed paper cases, into a magazine subjected to climatic tempera-
ture variations. In some cases, the composition is also stored in an
unpressed condition.

It is therefore important, in developing pyrotechnic compositions,
to utilize ingredients which are nonhygroscopic, nonvolatile, non-
oxidizing at ordinary temperatures, and nonreactive with other com-
pounds in the presence of moisture.

Also from the preceding discussion, it is possible to determine the
following factors which influence the deterioration of pyrotechnic'
compositions:

1. Moisture.
2. Continued high temperature.
3. Sudden fluctuations in temperature.
Visibility of Pyrotechnic Signals. The range of visibility of pyro-

technic flame signals is determined by:
Jf. Candlepower.
2. Color.
3. Weather (including time of day).
It is an accepted fact that the greater the candlepower (amount of

light), the greater the range of visibility, all other factors being
equal.

The color of the flame also determines its range of visibility in
accordance with its color wave length. Colors with shorter wave
lengths (red) are absorbed by air more quickly than those with
longer wave lengths (green).

The presence of moisture in air has a notable effect in reducing
the visibility of signals. In clear weather, a light can be seen farther
than during rain, snow, fog, etc.

The amount of light present also influences the range of visibility.
Light can be seen farther at night than during the day.

FLARE, AIRCRAFT, PARACHUTE, M8A1.
Use. For emergency night landings or for landings on fields with

insufficient ground illumination. •
Description. Burning time = 3 minutes; candlepower = 400,000;

weight = 17 pounds; and dimensions = 25 Va inches long by 4%
inches diameter. '

Methods of Release. 'From vertical flare launching tubes; horizon-
tal flare racks; internal bomb racks; and from external bomb rack*.
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Composition.
Barium nitrate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .33.7
Magnesium (linseed oil c o a t ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 0 . 3
Aluminum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . " . . . 15.2
Sodium oxalate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18.8
Castor oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.0
Linseed oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.0

Construction. . .
Illuminant case. A convolute paper tube with %6-mch walls en-

cased in a zinc sheath 0.14 inch thick. The composition is pressed into
this at a pressure of 3,600 pounds per square inch.

Nongtare effect. This is produced by use of sodium oxalate. This
gives flame a yellowish tinge which • reduces glare and also reduces
contrast between light and shadow. It does not blind'the pilot in the
plane.

Inner construction. A fire clay seal is pressed into the case through
the opening in the bottom; this prevents the friction igniters from
igniting the candle at the upper end. The flare composition is pressed
in increments against the fire clay seal. A first fire charge, composed
of 75 percent flare composition and 25 percent black powder, is
pressed in against the flare composition. A primer disc follows in line.
This is a perforated disc with the perforations filled with black pow-
der priming paste. A closing cover closes the open end and is fas-
tened over a metal end reinforcing ring. This cover is merely pressed
on, but it must be tight enough so that it cannot work free in hand-
ling. It must, however, be loose enough so that it can be blown
off when the composition begins to burn. An aluminum base block
is secured to the upper end of the illuminant case above the fire clay
seal. This base block holds the illuminant case to the parachute case.
Within the base block are two friction igniters which contain:

1. A primer cup which holds the friction composition (potassium
chlorate, charcoal, and a dextrine binder).

2. A friction wire made in the form of a loop, coated with red
phosphorus and running through the friction composition.

3. A tear strip of aluminum which secures the friction wire to the-
base block and insures that a good pull is necessary before the fric-*
tion wire is drawn through the igniter.

The base block also serves as an anchorage for the suspension cable
—shock absorber assembly.

A paper tube (the quickmatch housing) runs through the illumi-
nant and carries a double length of quickmatch from the igniters to.
the primer disc.
. Parachute case. Zinc metal made the same as the outside of the
illuminant case.
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1. Shipping cover. A metallic cover sealed with tear strip.
2. Hangwire cover. A dish-shaped metal container for the hang-

wire.
3. Hangwire. A means of initiating function of the flare on release

from the plane.
4. Coupling. Connects hangwire and tear wire. Also provides means

for the release of the hangwire cover from the hangwire, thus prevent-
ing its pounding against the plane after release of the flare.

5. Tear wire. A thin copper wire with a breaking test of 26 pounds.
It serves to pull out parachute and release flare from the hangwire.

6. Pull-out cord. A cord IS feet long. It pulls parachute out of
parachute case.

7. Pilot disc. A cardboard disc which serves to aid in pulling the
parachute out of the case in the event of failure of the tear wire.

8. Parachute. Made of silk. Substitutes are being used in view of
the shortage of silk. 15 feet in diameter.

9. Shrouds. Cotton cord 14 feet long with a breaking test of 100
pounds.

10. Metal spool. This spool provides a means of joining the shrouds
to the suspension cable.

11. Suspension cable. Composed of metal wire. It prevents the
flame of the flare from igniting the shroud lines.

12. Shock absorber. Made by running the suspension cable through
copper tubing and then winding the assembly into the form of a
spring. It lessens the load on the parachute at the instant it opens
by absorbing the sudden shock of retardation of the fall.

Operation of llie Flare. Before installing the flare in the plane,
the tear strip is removed, thereby enabling removal of the shipping
cover. If the flare is placed in the vertical launching tube, it may rest
on the ignition end of the illuminant or may be supported by the
suspension hook, depending on the type of device used. If the flare
is installed on a horizontal rack, it is supported by the suspension

ft

bands.
The swivel loop of the hangwire is attached to the arming pawl of

the releasing device. When the flare is released, the hangwire cover
is removed by the resulting jerk on the hangwire, and, by means of
the pull-out cord, the parachute is withdrawn from the parachute
case. As the flare continue^ its descent the load, or weight, of the flare
breaks the tear wire, the flare is free of the plane, and the parachute
opens. When the hangwire cover is pulled out of the parachute case,
a spring, which is U-shaped and which serves to hold the coupling
in the hangwire cover, is ejected. This releases the hangwire cover
from the coupling. When the tear wire breaks, this allows the hang-
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wire cover to drop free of the hangwire, and thus avoids the possibil-
ity of the cover battering against the plane in the air stream. The load
suddenly applied to the shock absorber by the opening of the para-
chute pulls the friction wires through the friction composition, creat-
ing a flame which starts the ignition train. This flame is picked up
by the double length of quickmatch and is carried down through the
quickmatch housing where it is transmitted to the primer disc. The
black powder in the perforations of the primer disc is ignited, and
in turn carries the flame to the first fire charge. The first fire charge
amplifies the flame and ignites the flare composition. With the igni-

. tion of the flare composition, a pressure is produced which blows off
the closing cover of the flare and the operation is complete.

The interval of time required for full ignition of the flare after
release is from 3 to 5 seconds.

FLARE, AIRCRAFT, PARACHUTE, M24.
Use. At present, for training in night bombing. Also substitute

standard for night observation and bombardment.
Description. Length = 37 inches; diameter = 8.1 inches; weight

= 44 pounds; burning time = 3-3 Vz minutes; and candlepower =
1,000,000 nominal.

Method of Release. From horizontal suspension.
Construction. The body of the flare consists of a cylindrical case

forward from terneplate, having one end permanently closed by a
pressed metal cap. The other end is provided with a removable
cover which consists of a steel disc V10-inch thick. To this disc is
attached a light pressed metal cup which serves as a container for
the hangwire. The disc is seated in an internal annular bead by three
equally spaced indentations formed in the flare case. The hangwire
assembly, which consists of a flexible steel cable %2-inch in diameter
having a steel ring attached to the free end, is provided for the pur*
pose of removing the cover assembly when the flare is released from
a plane. The hangwire assembly is not permanently attached to the
cover assembly, but is anchored to it by means of a soldered stop
on the end of the steel cable. The stop is seated on the outer face
of the disc, in the channel formed by the hangwire container and the
wall of the flare case. The cable is then passed through a notch in the
disc, then underneath the cover, and out through a notch in the oppo-
site side. The channel between the hangwire container and the flare
case is filled with a sealing' compound to waterproof the end of the
flare. A tubular stop, crimped to the hangwire, rests on the outer face
of the disc at the point where the hangwire projects outward from
the flare. A notched turned-over portion of the hangwire container
bears against the top of the tubular stop for the purpose of preventing
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longitudinal movement of the" hangwire. Movement of the hangwire
would tend to fracture the sealing compound. A copper sealing wire
is threaded through holes provided in .opposite sides of the flare case,
over the cover assembly. The ends of the sealing wire are twisted
together over the center portion of the hangwire container. The
twisted ends are embedded in a lead seal, stamped with the letters
"P.A." The purpose of the seal is to indicate whether or not the
flare has been tampered with. A tear wire which connects the hang-
wire to the parachute pull-out cord is attached to that portion of the^
hangwire extending underneath the cover assembly. A shipping cover
is assembled to this end of the flare and is secured to the flare case
with adhesive tape.

The illuminant assembly is of the same design as that used in
the M8A1 Flare, with the exception that the illuminant case is 22 Vi
inches in length, which is 6% inches longer than the illuminant for
the M8A1 Flare. The base block igniter assembly and the shock ab-
sorber assembly are the same types as those used in the M8A1 Flare.
The illuminant composition consists of the same ingredients as used
in the M8A1 Flare composition, the proportions of which have been
adjusted to give a candlepower of approximately 1,000,000.

A shade, 58 inches in diameter, made from asbestos cloth, is at-
tached to the illuminant assembly in order to screen the glare of the
burning composition from the bombardier sighting on a target illumi-
nated by the flare. The shade assembly consists of eight arms made
from %-inch seamless steel tubing to which the asbestos cloth shade
is attached. The arms are hinged to a spider, and each is actuated by
a rat trap type coiled spring. The shade assembly is secured to the
upper end of the illuminant assembly with the same screws which
hold the base block in the illuminant assembly. The M8A1 Flare
type Parachute is attached to the illuminant assembly. A pull-out
cord, approximately 12 feet long and attached to the crown of the
parachute, is connected to the hangwire with a copper tear wire. Sus-
pension bands are furnished with the flare for suspension from stand-
ard horizontal bomb racks.

Operation. Before installing the flare in. the plane, the adhesive
tape, is removed, thereby enabling removal of the shipping cover.
The ring on the hangwire is attached to the arming pawl of the re-
leasing device. When the flare is released, the cover assembly is re- *
moved by the resulting jerk on the hangwire. The parachute is then
withdrawn from the flare case by the pull-out cord. As the flare con-
tinues its descent, the load, or weight, of the flare breaks the tear
wire, the flare is free of the plane, and the parachute opens. Due to
the retardation of the fall caused by the resistance of the parachute,
the flare case is stripped from the illuminant and shade assembly. At
the same time, the resultant jerk pulls the friction igniters through
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the friction composition, thus creating a flame which is picked up. by
the double length of quickmatch. The flame passes down through
the quickmatch housing to the primer disc by means of the double
length of 'quickmatch. The black powder paste in the perforation*
of the primer disc carries the flame to the first fire charge which in
turn ignites the flare composition. When the flare composition is
ignited, the pressure which builds up causes the end closing cover
of the illuminant assembly to blow out, releasing the rib retainer
which is attached to it, and thus allowing the springs to open the
shade. ..

The full time for the complete ignition of the flare after release
is approximately 2 seconds. Both the cover assembly and the flare
case drop to the ground. The cover assembly is released from the
hangwire assembly to avoid the possibility of the cover battering
against the plane in the air stream.

FLARE, AIRCRAFT, PARACHUTE, M26.
Use. To provide illumination for night bombardment
Description. Length = 50 inches; diameter =8 inches; weight =

53 pounds; burning time=3-3 Va minutes; candlepower=800,000;
substitute composition — 575,000. ,

The flare is equipped with the Mil l Mechanical Time Flare Fuze
which permits the function of the flare at 3,000 'feet when released
from aircraft at any altitude between 5,500 and 25,000 feet. The
flare may be released from a plane traveling at any speed' up to 200
miles per hour.

Method of Release. From horizontal suspension.
Construction. The flare case is cylindrical with a rounded nose,

has tail fins, and the body has two suspension lugs attached for
horizontal suspension. A shipping cover-with a handle closes the
tail end of the body, and is sealed by a strip of tape.

The inner construction is similar to the M24 Flare with the addi-
tion of the stabilizing sleeve, and the aluminum disk assembly which
is functioned by the pressure built up by the functioning of the fuze.

Installation. Unscrew the fuze hole plug, screw the fuze in -by
hand, and seat it by hand force. Set the fuze to the desired time
by loosening the thumb screw, rotating the body of the fuze until
the desired number of seconds is indicated opposite the marker, then
tighten the thumbscrew.

The cover is removed from the base of the flare and the outer end
of the arming wire hangwire assembly is drawn from the hangwire
container, taking care not to pull out the attached end of the hang-
wire. The hangwire is brought around the vane stiflener to the sus-
pension side of the flare, and the arming wire is threaded through first
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the forward suspension lug, then the inner holes in the arming pin
of the fuze, and finally through the inner holes in the vane stop. The
flare is then installed in the plane and the ring of the arming wire
hangwire assembly is attached to the arming pawl.

Operation. The flare may be released, "safe" or "armed." If re-
leased "safe," it may function on impact. If released "armed," the
following steps take place: •

/. Movement downward withdraws the arming wire from the fuze
allowing the vane to rotate to arm the fuze and, at the same time,
allowing the arming pin to be ejected, thus starting the time mech-
anism.

2. When the flare has dropped the length of the hangwire, it breaks
the seal wire, and pulls out the hangwire container which drops free.
The tear wire, attached to the hangwire near its end, pulls out the
tear-wire cord which, in turn, pulls out the stabilizing sleeve and its
shrouds. A short length of cord attached to the shrouds removes the
lock of the cover releasing cup.

3. When the flare has dropped this far, its momentum breaks the
tear wire, allowing the flare to drop free. It is stabilized in flight by
the fins and the sleeve. The arming vane on the fuze rotates to arm
the fuze approximately 6 seconds after release.

4. At the time set, the fuze functions to push out the cover releas-
ing cup. This releases the detachable cover to which the sleeve
shrouds are attached, allowing the sleeve and cover assembly to
separate from the flare and, by means of the parachute pull-out cord,
to pull out the parachute.

5. The parachute opens and retards the fall of the flare with a jerk
which:

Breaks the parachute pull-out cord, allowing the sleeve assembly
to drop free.

Pulls the friction igniters through the friction composition, thus
starting the ignition train of igniter, lead spitter fuze1, quickmatch,
primer, first fire, and candle. This is the same as the function of the
M24, and reaches full ignition in approximately 9 seconds.

Pulls the flare assembly out of the case allowing the case to drop
free.

6. As the candle ignites, it expels the rib retainer, as in the M24,
allowing the rib springs to open the shade.

7. The flare burns for 3 to 3V4 minutes with a light of 800,000
candlepower while dropping at an average speed of 11.6 feet per

'second.
FLARE, AIRCRAFT, PARACHUTE, M9.

Use. For reconnaissance. It is fired from Pyrotechnic Pistol M2
from a plane. It is not to be fired from a grounded plane.
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Description. Length — 13.8 inches; diameter = 2 inches; weight
= 1.9 pounds; burning time = 1 minute; candlepower = 60,000.

Construction. The body of the flare is an extruded aluminum
case, reduced at the base to fit into the detachable barrel, which is
also of aluminum but of a smaller diameter than the flare case.

An expelling charge cup, containing black powder for the expell-
ing charge, is attached to the inner wall at the base of the flare case.
The fuse train (2V&-sec del.) is housed in a metal flanged tube and
is secured to the base of the expelling charge cup. The inner end of
the fuse is in contact with the expelling charge, and the outward end
is exposed to the flame of the propelling charge. The propelling
charge is contained in the breech of the detachable barrel.

The illuminant charge is contained in the candle case. This case is
closed at the upper end by the candle case cap which provides a
means of attaching the parachute wire. A felt washer between the
candle and the parachute acts to keep the flame of the expelling
charge from ;igniting the parachute.

The upper end of the signal case is closed with a closing cap of
aluminum which is pressed over the signal case.

A percussion primer is inserted into the lower end of the detachable
barrel.

Operation". The flare is first locked in the pyrotechnic projector
and is then initiated by a continuous pull on the trigger which fires
the primer of the detachable barrel. This ignites fhe propelling charge,
and projects the flare from the plane through a distance of approxi-
mately 80 feet, and at the same time ignites the delay train. After
2Vi seconds, the delay train burns through, igniting the expelling
charge. The gases of this charge expel the candle and the parachute.
At the same time, the expelling charge ignites the igniter charge of
the candle; thus, the first fire charge and finally the flare composition
is fully ignited.

The flare burns for approximately 1 minute with a candlepower of
60,000. ' . . . . '
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FLARE, AIRPORT, Ml3.
Use. To provide illumination for night landings at emergency

landing fields or in case of power failure at regular airports. It is
operated from the ground.

Description. Length — 23 inches; diameter = 1% inches; burn-
ing time = 3 minutes; candlepower = 40,000. '

Handle (hollow). Length = 7 inches; diameter= IVi inches.,
Construction.' The body is composed of chip board with a chip

board closing plug at the lower end held in place by the hollow
handle.

The flare composition is pressed in on top of the plug, followed
by a first fire charge, and finally by a primer disc. Perforations in
the primer disc are filled with black powder priming paste.

The single friction igniter is held at the top of the primer disc in
a metal cap with a raised hollow ridge running through the center.

Operation. After removing the shipping cover, a lanyard is at-
tached to the ring on the end of the friction igniter. A quick jerk on
the lanyard causes the friction igniter to be pulled through the fric-
tion composition thereby starting a flame. The flame ignites the black
powder priming paste in the perforations of the primer disc, which
ignites the first fire charge. The first fire charge ignites the flare com-
position, and the flare is fully ignited.

The flare burns for approximately 3 minutes with a candlepower
of 40,000.

Before operating this flare, it must be fastened onto a support
which may, in turn, be fastened onto a post or planted firmly into the
ground.

When using a flare of this description, it must be borne in mind
that pyrotechnics will drip in operation; consequently, care must be
exercised that no inflammable material is present around the flare
that might become ignited by the drippings.

Substitute Flare. Overage M8A1 Flares may be substituted for
the M13. In so doing, all the components above the metal, spool are
removed and the lanyard is attached to the metal spool.

A sharp pull on the lanyard will cause the friction igniters to be
pulled through the friction composition and then the ignition train
runs its regular procedure of quickmatch, primer, first fire, and flare
composition. •'

BOMB, PHOTOFLASH, N23A1.
Use. Aerial night photography.
Description. Length = 25.4 inches; diameter = 4% inches;

weight = 10.5 pounds. Contents = 7% pounds flashlight powder;
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maximum candlepower = 303,000,000; average candlepower =
84,840,000; total burning time = 0.16 second.

Construction. The case of the photoflash bomb is of laminated
paper, sealed at the lower end with a metal closing cup. The flashlight
powder is placed inside the bomb body and kept in place by a metal
partition cup which is secured to the body by rivets. This cup ac-
commodates the adapter for the fuze, and is a seat for the hangwire
container. The hangwire container is provided with a flange which
is notched on opposite sides. The partition cup is also provided with
corresponding notches to accommodate the portions of the hangwire
which project through the notches in the hangwire container. The
hangwire is made from flexible steel aircraft cable Vie inch in diam-
eter. The free end of the hangwire is provided with a swivel loop,
the other end with a soldered stop. In assembling the hangwire con-
tainer to the bomb, the end of the hangwire which is provided with
the soldered stop is placed in a notch in the flange of the hangwire
container. The hangwire then passes across the bottom of the hang-
wire container and projects outward through the other notch in the
flange of the container. A ring is secured to that portion of the hang-
wire which passes underneath the container. A firing cord, which fires
the fuze, is secured to this ring.

The design provides a delay of approximately 15 seconds from the
release of the bomb to the ignition of the flashlight powder charge.
The fuze consists of a body which houses an upper and lower time
train ring assembly and two friction igniter assemblies. The friction
wires are made from No. 1 braided picture wire. The ends of the
friction wires, which project through the igniter cups, are coated
with a red phosphorus paste. The igniter cups are loaded with a
friction composition. At the outer face of the igniter cups, the friction
wires are bent at right angles toward the center of the fuze, then
twisted together. A thin aluminum disc, having a central hole, is
pressed- against the bent portions of the wire by the igniter retainer.
The twisted ends of the wires project through the hole in the alu-
minum disc. The aluminum disc is a safety feature and, in operation,
must tear or deform before the friction wires can fire the composi-
tion in the igniter cups. The coated ends of the igniter wires are
formed in the shape of a helix, and in operation the helix must
straighten out as the wires are drawn through the igniter cups, thus
adding more resistance to the movement of the igniter wires. The
twisted ends of the friction wires are run through a ring fastened
to the firing cord and are attached to a staple secured to the partitioncup.

Both time-train rings are loaded with compressed fuse powder,
sealed with fire clay loaded into the fuze rings under pressure. The
time trains of both rings burn both ways from the point of ignition
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to a flash hole which is opposite the point of ignition. Thus, in effect,
each time ring has two separate delay elements. A piece of quick-
match is used to ignite the upper time-train ring from the flame pro-
duced by the friction igniters. The flame from the upper ring is
relayed to the lower ring by another piece of quickmatch. The time-
train rings are separated by a spacer to facilitate venting. The lower
ring contains a base charge which consists of 50 grains of grade A4>
black powder. The ignition of this charge ignites the flashlight powder
charge.

Operation. The outer cover is first removed; then the bomb is in-
stalled in the plane. The swivel loop on the end of the hangwire is
secured to the arming pawl of the releasing device. When the bomb
is released, the resulting-jerk on the hangwire removes the hangwire
container. As the bomb continues to fall, the friction igniters are fired
by means of a jerk on the firing,cord. The jerk removes the phos-
phorus coated ends of the friction wires from the igniter cups. The free
ends of the friction wires slip through the ring on the firing cord and
the bomb is free from the plane. The hangwire and firing cord re-
main attached td the releasing device. The hangwire container, which
is not permanently attached to the hangwire, falls to the ground The
hangwire container is designed to automatically detach itself from
the hangwire to prevent the container from battering the plane due to
the force of the air stream. Because the twisted ends of the friction '
wires are secured to the partition cup, the wires remain with the
bomb. .

The flame from the friction igniters is picked up by the first length
• of quickmatch, and transmitted to the upper time-train ring. This

ring burns in both directions around to the flash hole, where the
flame is picked up by the second strip of quickmatch and carried
to the lower time-train ring. This ring also burns in both directions
to its flash hole where the flame passes through to ignite the black
powder base charge. The blast from the base charge ruptures the
adapter cup and ignites the flashlight powder charge. The time of
delay of the fuze is 15 seconds.

The bomb burns for 0.16 second with a maximum candlepower
of 303,000,000, and an average candlepower of 84,840,000.

BOMB, PHOTOFLASH, M46.
Use. For high-altitude night photography.
Description. Length = 45 Vi inches; diameter = 8 inches; weight

— 51.9 pounds. Contents = 25 pounds flashlight powder; maximum
candlepower = 1,000,000,000.

Construction. This photoflash bomb is equipped with the Mill
Mechanical Time Flare Fuze which permits the function of the bomb
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at 3,000 feet when released from aircraft at any altitude up to 20,000
feet.

In appearance, the bomb resembles the 100-pound, M47 Chemical
Bomb. It consists of a thin sheet steel cylindrical body to which a
rounded nose and tail assembly are attached.

Into the nose section of the bomb is welded a steel nose adapter
having a fuze cavity for the Mill Pyrotechnic Fuze, and containing
in its base an explosive charge of 140 grains of black powder. Inside
the bomb body, and directly below the adapter charge, is the card-
board container with 25 pounds of photographic flashlight powder.
The top of this container is closed with a thin gilding metal disc, and
the bottom is closed with crimped, sheet metal terneplate. This
charge container is only 24 inches long and does not fill the entire
bomb body. It rests on a plywood supporting disc which is held by
a cardboard spacer in its proper place with respect to the strawboard
filler and the sheet metal body closing cup.

The tail assembly is spot-welded together, and to the sheet metal
cone section. The cone js attached to the rear end of the bomb body
by means of three slotted grooves which lock around corresponding
riveted lugs on the bomb body, and is held there by the fastening
band. Attached across the back of the fin assembly is the flat trail
angle plate, held by two '/4-inch carriage bolts running through the
fins.
: Operation. After proper fuzing and the insertion of the arming
wire, the bomb is suspended in the bomb rack by use of a standard
B-7 type shackle attached to the suspension lugs.

On release from the plane, the fuze arms in several seconds, and
then functions at the predetermined time according to the altitude
of the' plane. When the fuze functions, the 70-grain black powder
booster in the fuze sets off the 140-grain adapter charge in the bomb.
The pressure set up by the adapter charge ruptures the gilding metal
disc and ignites the flashlight powder charge. >

TYPES OF SIGNALS.
General. Of the original class of aircraft signals, all except the

SIGNAL, aircraft, red star, parachute, Mil have been reclassified as
standard for issue only, while the Mil is still standard for issue and
manufacture.

In January 1942, the Ordnance Department standardized a series
of signals now referred to as the "Interim" type. This series consisted
of six double star and three single star signals.

1. SIGNAL, aircraft, double star, Red-red, AN-M28.
2. SIGNAL, aircraft, double star, Yellow-yellow, AN-M29.
3. SIGNAL, aircraft, double star, Green-green, AN-M30.
4. SIGNAL, aircraft, double star, Red-yellow, AN-M31.
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5. SIGNAL, aircraft, double star, Red-green, AN-M32.
6. SIGNAL, aircraft, double star. Green-yellow, AN-M33.
7. SIGNAL, aircraft, single star, Red, AN-M34.
8. SIGNAL, aircraft, single star, Yellow, AN-M35.
9. SIGNAL, aircraft, single star, Green, AN-M36.
These signals consisted of a star composition loaded in an alu-

minum cup and contained within an aluminum barrel, with dimen-
sions of 3.02 by 1.56 inches. They were designed to be fired from the
M2 Pyrotechnic Pistol. Each star composition burned for 7 seconds,
with the candlepower depending upon the color of the star.
. In April 1942, the "Interim" type signals were declared limited
standard, and the "Final" type series signals were standardized to
replace the "Interim" type.

The "Final" type signals closely resemble the British aircraft sig-
nals.

These signals are assembled in a shotgun type shell of cartridge
paper with a brass head. The signal cartridge is 3.85 inches in length
by 1.537 inches in diameter. They are designed for use in the breech
loading PISTOL, pyrotechnic, AN-M8. Upon firing, the propelling
charge ignites and projects either one or two freely falling stars,
which burn from 7 to 13 seconds. The candlepower depends upon
the color of the star.

Included in the "Final" type series are also six double star and
three single star signals.

1. SIGNAL, aircraft, double star, Red-red, AN-M37.
2. SIGNAL, aircraft, double star, Yellow-yellow, AN-M38.
3. SIGNAL, aircraft, double star, Green-green, AN-M39.
4. SIGNAL, aircraft, double star, Red-yellow, AN-M40.
5. SIGNAL, aircraft, double star, Red-green, AN-M41.
6". SIGNAL, aircraft, double star, Green-yellow, AN-M42.
7. SIGNAL, aircraft, single star, Red, AN-M43.
8. SIGNAL, aircraft, single star, Yellow, AN-M44.
9. SIGNAL, aircraft, single star, Green, AN-M45.
Color Identification.
Original type. The color of the star is shown on the closing or

identification top of the outer case. In the one signal that is now
standard, the top is painted red to illustrate the color of the star,
and the top is also embossed with the letters "RP" to make identifica-
tion possible at night. "R" signifies red, and "P" signifies parachute.

Interim type. In the "Interim" type of signal, the closing top, is
painted the" same as in the original type. For the single stars, the
top is a solid color of the same color as the star, and is embossed
with a letter also corresponding to the color. In the double stars, the
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IDENTIFICATION TOP "RED BAND
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Figure 286 — SIGNAL, Aircraft, Single Star. AN-M43

top is painted to represent the color of the stars with each half
taking the color of one of the stars; in addition, the letters which
correspond to the colors are embossed in their proper colors.

In addition to the marking of the closing top, the barrel itself is
marked with colored bands to represent the color of the star. In the
single star signals, one band is used and is V4 inch wide. In the double
star signals, two bands are used, each being 1A inch wide and Vi inch
apart. Each band is the color of the star it represents.

Final type. The "Final" type of signals is marked at the top in
the same manner as the "Interim" type except that the word of the
color is spelled out and is printed instead of being embossed. The
barrels are marked in the same manner as the "Interim" type signals.

By means of these identification features it is possible to determine
the type and color of the signal, even should the standard stenciling
and nomenclature be obliterated..

-GREEN YELLOW BAND

YELLOW N
IDENTIFICATION TOP

GREEN BAND

• »A PO JJOJI

Figure 287 — SIGNAL, Aircraft, Double Star, AN-M42
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flgun 289 — SIGNAL, Aircraft. Red Star. Parachute, Mil
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SIGNAL, AIRCRAFT, RED STAR, PARACHUTE* Mil.
Use. For signaling from aircraft to other aircraft, or from aircraft

to ground units. Also used as a distress signal when fired from a
grounded plane.

Description. Length = 8 inches; diameter = 1V4 inches; weight
= 9V4 ounces; burning time = 30 seconds; candlepower =» 30,000.

Construction. This signal is constructed with an outer case of
aluminum, known as the barrel, which is closed at one end with a
metallic closing cap. At the other end, which is permanently closed
in manufacture, is a percussion primer. Also around the base is an
annular groove which serves to lock the signal in the projector. Inside
the barrel is a black powder propelling charge which is held in a
recess in the base and in contact with the primer.

Within the barrel is the signal case which is also constructed of
aluminum. At the base of the signal case is the exposed end of the
fuse train and a gas-check washer. Inside the signal case, at the base,
is a wood spacer enclosing the inner end of the fuse train and holding
an expelling charge of black powder. Above the wood spacer is a
set-back wad of black felt upon which the candle case rests. Directly
on top of the candle case are a pair of felt gas check pads, and a para-
chute of either cloth or paper. This parachute is held around a wood'
spacer known as the .parachute protector. The signal case is closed
with a cork closing wad.

The candle case is of paper with the lower end open in the center
to expose the ignition charge. Following the ignition charge is a first
fire charge, and finally the signal composition itself. Above the signal
composition is a fire clay seal which protects the shrouds from being
ignited.

Operation. The signal is locked in the projector and the trigger is
squeezed causing the firing pin to strike the percussion primer. The
flame from the primer ignites the propelling charge of black powder
which propels the signal case into the air and ignites the exposed end
of the delay fuse. This fuse burns for 2Vi seconds and then ignites
the expelling charge. The gas-check washer at the base of the signal
case prevents the escape of the gases around the signal case and thus
insures the maximum efficiency of the propelling charge.

When the fuse ignites the expelling charge, the candle and para-
chute are expelled into the air, and the exposed ignition charge is
ignited. The set-back wad between the wood spacer and the candle
serves to prevent the candle from being crushed due to the force of
set-back. The gas-check pads between the candle case and the para-
chute serve to prevent the escape of gases past the candle, protect
the parachute from fire, and cushion the upward thrust on the para-
chute and the Wooden parachute protector. The wooden parachute
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protector pushes out the cork closing wad, and the parachute and
candle follow.
, With the ignition of the ignition charge which in turn ignites the
first fire charge, the burning train is initiated. The first fire charge
insures the ignition of the signal composition which burns for approxi-
mately 30 seconds with a candlepower of 30,000.

SIGNAL, AIRCRAFT, DOUBLE STAR, AN-M28 lo AN-M33
("INTERIM" TYPE).
Use. For signaling from aircraft to other aircraft or to ground

units.
Description. Length = 3.02 inches; diameter = 1.56 inches;

weight = S ounces; burning time = 7 seconds.
Construction. There are six of the signals, aircraft, double star, of

the so-called "Interim" type. They are similar to each other, varying
only in the color and candlepower of the stars. The assembly con-
sists of a pair of stars housed in an aluminum barrel, tied together
with a length of qutckmatch, and separated from each other by a
cushioning wad. The aluminum barrel is grooved at the base to fit in
the M2 Pyrotechnic Pistol, and contains in its base a primer and
a propelling charge of black powder. This is held in place by an
onionskin retaining disc.

Each of the stars consists of an aluminum cup filled with illuminant
charge which is coated, top and bottom, with a layer of black powder
ignition charge. The top and bottoms of the star cups are perforated
with six holes, in addition to the large central hole running entirely
through the stars. Through these holes are threaded lengths of quick-
match which run from the ignition charge on the face of each star
to the top of the propelling charge. The stars are held in the barrel
by the cork closing wad and the identification top. This identification
top is made from thin sheet metal and has two letters embossed into
it which describe the color of the stars; it is painted correspondingly.

Operation. The signal is locked in the pyrotechnic pistol and the
trigger is squeezed, causing the firing pin to hit the primer. The
flame from the primer ignites the propelling charge, which ignites
the quickmatch and propels the stars from the barrel. The quick-
match, in turn, ignites the ignition charges on the tops and bottoms
of the stars, and these in turn cause the signal composition to become
fully ignited.

The flaming stars fly through the air, burning for about 7 seconds
each.

SIGNAL, AIRCRAFT, SINGLE STAR, AN-M34 TO AN-M36
("INTERIM" TYPE).
Use. For signaling.
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Description. Length — 3.02 inches; diameter — 1.56 inches;
weight == 5 ounces; burning time = 7 seconds.

Construction. There are three of the signals, aircraft, single-
star of the so-called "Interim" type. They are similar to each other,
varying only in the color and candlepower of the star. The assembly
consists of a star housed in an aluminum barrel, protected by cushion-
ing wads, and held in place by the cork closing wad. The star con-
sists of an aluminum cup filled with illuminant charge which is
coated, top and bottom, with black powder ignition charge. The top
and bottom of the star cup are perforated with six holes in addition
to the large central hole running entirely through the star. Through
these holes are threaded lengths of quickmatch running from the
ignition charge on the. face of the star to the top of the propelling
charge. The propelling charge consists of black powder and is housed
in the barrel underneath the onionskin retaining disc in contact with
the primer. The top of the barrel is closed with an identification top
which is painted the same color as the signal, and which has a cor-
responding letter embossed in it

Operation. The signal is locked in the pyrotechnic pistol and
the trigger is squeezed, causing the firing pin to hit the primer. The
flame from the primer ignites the propelling charge, which ignites
the quickmatch and propels the star from the barrel. The quick-
match, in turn, ignites the ignition charges on the top and bottom of
the star,, and these in turn cause the signal composition to become
fully ignited.

The flaming star flies through the air, burning for about 7 seconds
with the candlepower depending upon the color of the star.

•
SIGNAL, AIRCRAFT, DOUBLE STAR, AN-M37 TO AN-M42

("FINAL" TYPE).
Use. For signaling.
Description. Length = 3.85 inches; diameter = 1.537 inches;

weight = 6.4 ounces; burning time = 7-13 seconds.
^Construction. There are six of the signals, aircraft, double star,

of the "Final" type. They are similar to each other, varying only in
the color and candlepower of the stars. The assembly consists of two
stars housed in a cardboard signal case, protected by cushioning
wads, and tied together with quickmatch. Each star consists of an
aluminum cup filled with illuminating charge which is coated, top
and bottom, with black powder ignition charge. The top and bottom
of each star cup are perforated with six holes, in addition to the
large hole running entirely through the center of the stars; through
these holes are threaded lengths of quickmatch running from the
ignition charge on the faces of the stars to the top of the propelling
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charge. The propelling charge consists of black powder and is housed
in a cardboard spacer inside the signal case underneath an onionskin
retaining disc, and is in contact with the primer. The bottom of the
signal case is reinforced by a thin brass base which provides a rim
for seating the signal in a projector.

The top of the signal case is closed by a 360-degree, crimp-fast-
ened, cardboard identification top which is colored correspondingly
to the color of the signal.

Operation. The signal is inserted into the breech of the pyro-
technic pistol, and the trigger is squeezed, causing the firing pin to
hit the primer. The flame from the primer ignites the propelling
charge, which ignites the quickmatch and propels the stars from the
signal case. The quickmatch, in turn, ignites the ignition charges on
the tops and bottoms of the stars, and these cause the signal compo-
sition to become fully ignited.

The flaming stars fly through the air, burning for 7 to 13 seconds
each, with the candlepower depending on the color of the star.

SIGNAL, AIRCRAFT, SINGLE STAR, AN-M43 TO AN-M45
("FINAL" TYPE).
Use. For signaling from aircraft to other aircraft, or to ground

units.
Description. Length = 3.65 inches; diameter = 1.537 inches;

weight = 6.4 ounces; burning time = 7-13 seconds.
Construction. There are three of the signals, aircraft, single star

of the "Final" type. They are similar to each other, varying only in
the color and candlepower of the star. The assembly consists of a
star housed in a cardboard signal case protected by cushioning wads,
and held in place by a spacer and a spacer disc. The star consists of
an aluminum cup filled with illuminant charge which is coated, top
and bottom, with black powder ignition charge. The top and bottom
of the star cup are perforated with six holes, in addition to the large
central hole running entirely through the star; through these holes
are threaded lengths of quickmatch running from the ignition charge
on the face of the star to the top qf the propelling charge. The pro-
pelling charge consists of black powder, and is housed in a cardboard
spacer inside the signal case underneath an onionskin retaining disc,
and is in contact with the primer. The bottom of the signal case is
reinforced by a thin brass base .which provides a rim for seating the
signal in the projector. The top of the signal case is closed by a 360-
degree, crimp-fastened cardboard identification top which is colored
corresponding to the color of the signal.

Operation. The signal is inserted into the breech of the pyro-
technic pistol and the trigger is squeezed, causing the firing pin to
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strike the primer. The flame from the primer ignites the propelling
charge which ignites the quickmatch, and propels the star from the
signal case. The quickmatch, in turn, ignites the ignition charges on
the top and bottom of the star, and these cause the signal composition
to become fully ignited..

The flaming star flies through the air, burning for about 7 to 13
seconds, with the candlepower depending on the color of the star.

GHOUND SIGNALS.
General. Ground signals are designed to be fired from the

PROJECTOR, pyrotechnic, Ml, M3, or M4. They are similar to the
aircraft signals in construction, except that the signal case closing
cap carries a tail and fin assembly to improve flight characteristics.
The fin is marked by painting and embossing for identification pur-
poses.

Operation is similar to that for the aircraft signals except that the
signal case is projected from the fixed barrel of the projector instead
of from an individual removable barrel as is the case with aircraft
signals. The signal is fired by the impact of the signal primer with
the firing pin of the projector. In the case of the PROJECTOR, pyro-
technic, Ml, the firing pin is operated by a pull on the lanyard. In
the case of the PROJECTOR, pyrotechnic, M3 or M4, the projector
is struck smartly on the ground, thus driving the signal primer against
a fixed firing pin.

SIGNAL, GROUND, WHITE STAR, PARACHUTE, M17.
Use. For signaling from ground units to other ground troops, or

to aircraft.
Description. Length = 9 inches; diameter = IVz inches; candle-

power = 20,000; burning time = 20 to 30 seconds.
Construction. The signal case is a drawn aluminum body closed

at one end by a fuze housing which is attached by four crimps. This
fuze housing is chambered to hold the propelling charge of Herco
powder. A breech cap, which screws on the fuze housing, holds the
propelling charge in place, and also provides a seat for the percussion
primer.

The upper end of the fuze housing contains a circular time-train
groove filled with black powder and covered with a fire clay, seal
except for the pellet of black powder which extends through the seal.

Inside the signal case, on the inner surface of the fuze housing,
is an expelling charge of black powder connected to the fuze train
by means of a flash hole in the fuze housing. This.expelling charge
is held in place by means of an onionskin retaining disc. Above the
retaining disc is a set-back wad of black felt which is open in the
center to allow the passage of the flame. Resting on the set-back wad
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is the candle case which is covered by the gas-check washer of black
felt. Over this may be found the parachute of cloth or paper; the
wooden parachute protector around which the parachute is wound;
the cardboard closing disc; and finally, the tail and fin assembly
which closes the signal case.

The candle case itself is of cardboard, with the end nearest the
expelling charge closed by means of an aluminum cap which is per-
forated. A strip of quickmatch is inserted into the cap. The ignition
charge follows the quickmatch and is itself followed Jby the first
fire charge and then the signal composition. Above the signal compo-
sition is a fire clay seal.

Operation. When the projector functions, the flame from the
primer ignites the propelling charge which is held in the breech cap.
The pressure of the propelling charge gases blows out the four re-
cesses in the breech cap, and causes the signal case to move out of
the projector. At the same time, the flame from the propelling charge
ignites the black powder pellet of the time-train which ignites the
time-train itself. The time-train burns in both directions giving a
delay of 5Vi seconds, then flashes the flame through the flash hole
to the expelling charge. This delay allows the signal to reach a height

. of approximately 600 feet. When the expelling charge is ignited, the
pressure of the gases forces the candle and parachute assembly from

• the signal case, and at the same time the flame ignites the strip of
quickmatch. This ignites the ignition charge, then the first fire charge,
and finally the signal composition.

-. The candle burns for approximately 20 to 30 seconds with a can-
dlepower of 20,000 while suspended from the parachute.

NOTE: At about 100 feet, the signal flips over so that the tail and
fin assembly act to stabilize the flight for the remaining 500 feet.

Other Ground Star Signals. In addition to the White Star Para-
chute Signal M17, the following are at present also standard for issue
and manufacture: . •
SIGNAL, ground, white star, cluster, Ml8.
SIGNAL, ground, green star, parachute, M19.
SIGNAL, ground, green star, cluster, M20.
SIGNAL, ground, amber star, parachute, M21.
SIGNAL, ground, amber star, cluster, M22.
. The cluster type signals function in the same manner as the single
star parachute type with the exception that there are five freely fall-
ing stars that make up the cluster. These are each held in an alumi-
num star cup similar to those studied in the aircraft signals, and tied
together with quickmatch.

The candlepower and burning rate for each of the above signals
varies with the color of the star.
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MISCELLANEOUS PYROTECHNICS.
SIGNAL, Ground, High Burst Ranging, M27. This type of sig-

nal produces a smoke puff at the top of its rise and is used to simu-
late the high burst of artillery shell. It is fired .from the M1A1 Pro-
jector and rises to an altitude of approximately 550 feet.

Further information is not available for publication at this time.

SIGNAL, Drift, Day, AN-Mk. I. This signal consists of a stream-
lined clay shell containing a metallic powder. When the signal is
dropped in water the shell breaks, allowing the metallic powder to
form a slick on the surface, which may be used as a reference point
for air navigation.

The shell is a waterproof clay, '/j0'5nch thick. The nose is of
hemispherical shape, 3*/2 inches in diameter, and the body tapers
over its 10-inch length to a blunt point. The cone of the tail has four
clay fins formed integral with it, which tend to stabilize the flight of
the signal. Because 'the clay shell is fragile, these signals, should be
handled with care to prevent their destruction.

SIGNAL, Drift, Night, AN-Mk. IV. This signal is torpedo-
shaped and consists of a bronze hemispherical nose, a wood body
tapered at the rear, and an aluminum alloy tail fin assembly. It is de-
signed to float in water in a vertical position with the nose submerged.
The wooden body is hollow and comains the first fire composition
and the pyrotechnic pellet. The fuze functions when the signal strikes
the water surface and ignites the first fire composition, which in turn
ignites the pyrotechnic pellet. It burns out of the tail and projects a
flame which may be used as a reference point for air navigation at
night.

GRENADE,; Hand, Smoke, IIC, MS. While this round is dis-
cussed under its proper heading of grenades, it should be kept in mind
that it has one use in the field of pyrotechnics in that it is issued to
the Air Corps for use as an emergency distress signal.

HANDLING.
All pyrotechnics should be protected against moisture, continued

high temperatures, and sudden fluctuations in temperature. If ex-
posed to moisture they should be segregated until examination can
be made to show if the pyrotechnic is still serviceable or if any dan-
gerous conditions exist

AH pyrotechnics should be handled with care to prevent the possi-
bility of functioning the friction igniters or of setting off the pyro-
technic compositions in cases such as the photoflash bomb. Care
should also be exercised to prevent damage to the cases, especially
in the instance of those fired from a projector, where a damaged
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case might cause a round to become lodged in the bore of the pro-
jector. • .''

It should be* kept in mind at all times that photoflash powder is
as hazardous as black powder.

STORAGE.
Pyrotechnics should be stored in a dry, well ventilated place, out

of the direct rays of the sun, and should be protected against ex-
cessive or variable temperatures. Pyrotechnics should not be stored
with other kinds of ammunition, except small-arms ammunition.
When storage space is limited, pyrotechnics, except photoflash bombs,
may be stored with burning type chemical ammunition (group D)
provided the total quantity of pyrotechnic, chemical, and explosive
material in the magazine does not exceed 1,000 pounds. Photoflash
bombs may not be stored with other types of ammunition except
under conditions of limited storage space when they may be stored
in one magazine'with small-arms ammunition,' provided the total
amount of explosives and flashlight powder does not exceed 1,000
pounds. Red and green light compositions may explode under cer-
tain conditions and hence should be stored separately if practical.
Certain pyrotechnics deteriorate in storage and have an expiration
date on the containers. Care should be taken to observe the directions
for disposal of this material at the time indicated as prescribed in
OFSB3-9.

FIRE.
Pyrotechnics such as photoflash bombs and high burst ranging

signals explode when heated, but most types burn with an.intense
heat and without serious explosions. Water should not be used to
combat fires involving material containing magnesium,

FURTHER REFERENCES: OS 9-18, Volume 3; TM 9-1981;
OFSB 3-9; SNL S-5; O.O. No. 7224; Ordnance Sergeant, September
1942 and December 1942.
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SECTION IX.

DESTRUCTION OF UNUSABLE AMMUNITION
i , AND EXPLOSIVES

<V&r, Introduction

UNUSABLE AMMUNITION.
The term "unusabl*" has replaced the term "unserviceable" with

regard to destruction because it gives a better understanding of what
materials are destroyed. Unserviceable ammunition and explosives
are those that are in such a condition as to render them unfit for
their intended purposes. Unusable components include those that are
unfit for their intended purposes and cannot be used to advantage
for any other purpose. Unusable ammunition or explosives may in-
clude the following:

Items ol faulty manufacture. Materials which have failed to pass
inspection.

Deteriorated materials. Deterioration has rendered them unsafe or
ineffective.

Damaged components. Ammunition damaged beyond repair during
manufacture, shipment or storage.

Obsolescent materials. Outdated ammunition or explosives which
have been replaced by'newer materials and which are made ineffec-
tive or detrimental by changes in methods of warfare.

Captured materials. The conversion of some captured ammunition
for use by friendly troops is considered unfeasible.

Duds. Ammunition that has bean properly initiated and has failed
to function, but may function at aqy time.

SALVAGE.
Only ammunition or explosives that cannot be economically sal-

vaged are destroyed. Salvage is a reclaiming rather than a destruc-
tion, operation. For this reason, salvage operations will not be included
in this chapter. It should also be recognized that during times of war
certain materials, particularly metals,\take on such strategic value
as to become priceless. Under wartime conditions, cost would not be
considered in the salvaging of such materials.

SAFETY.
The dangerous nature of explosives makes safety the major con-

sideration in their destruction. They are made immeasurably more
dangerous by deterioration because fhe sensitivity of such explosives
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is usually increased. Safety must not be sacrificed for cost reduction
and speed. ThereWe cases on record of explosions which destroyed
property worth much more from the standpoint of dollars and cents
and the time necessary for replacement than could be saved through
several years of relaxation of certain fundamental safety rules. This
is to say nothing of lives that were lost and could not be replaced.
Investigations of suchWplosions almost invariably bring out evidence
indicating negligence oV disregard of some safety precaution.

Every person engaged in an explosive operation should feel that
it is his or her duty to Vee that pertinent safety regulations are en-
forced. There is a tendency among personnel to become less respect-
ful of explosives upon observing that rough handling does not always
result in an explosion. It sqould be remembered that explosives are
fickle and when treated in\certain disrespectful ways will respond
violently. This fact, along with safety, rules applicable to the item
and operation, should always DC pointed out to persons caught hand-
ling explosives carelessly. V

The Ordnance Safety Manual, and TM 9-1900 contain regulations
for the safe handling of the various classes and types of ammunition
and explosives. These rules, where applicable, will be observed in
addition to the specific safety regulations presented in this chapter.

RESPONSIBILITY AND PROCEDURE.
General. Usually the ammunition^ inspector is given the responsi-

ability for the disposition and actual destruction of unserviceable am-
munition and explosives at ordnance establishments. Whenever am-
munition or explosives are discovered to^ be unserviceable, the ammu-
nition inspector will prepare and submit an Ammunition Condition
Report (O.O. Form 7235) to the Office bf Chief of Ordnance.

The Ammunition Condition Report (A.C.R.). This will in-
clude the following in .the order given: \ i

1. The number of the station the reportys sent from in the block
in upper left-hand corner. \

3. The number assigned to the report for filing purposes in the
block in the upper right-hand corner. \

3. Complete standard nomenclature of the item in question.
4. The lot number assigned to the item. \
5. The name of the station. \
6*. The date the report is written.
7. The quantity of components in the lot. •
8. The number of components inspected.
9. The number of components found to be unserviceable.

10. A brief, concise, yet complete explanation of the reason or rea-
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CONDITION REPORT
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295 — Condition Repo
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sons for unserviceability.
11. Disposition may or may not be recommended. Such recom-

mendatioh. will facilitate the second indorsement, however. If recom-
mendationVor disposal is not made, the Office of the Chief of Ord-
nance will state the disposition and method in the second indorse-
ment.

A sample of a completed Ammunition Condition Report is illus-
trated in figures\295 and 296. The person preparing the report should
be sure to read the instructions shown on reverse.

When the basite A.C.R. is prepared as outlined above, it is sent
to the Commanding: Officer for his signature. It is then forwarded in
quadruplicate to tire Renovation and Surveillance Section, Office
Chief of Ordnance. AsXmany more copies as are required at the estab-
lishment will be madeVThe representative of the Chief of Ordnance
will either state how theVmaterial is to be disposed of or will approve
the ammunition inspectors recommendation for disposal by second
indorsement. The first indrorsement is used only in the case of Ports
of Embarkation or Service Commands. After the second indorsement
is made, the report is returned to the station and the material is dis-
posed of as directed. The case is then closed by third indorsement
stating that the work has been completed in accordance with the sec-
ond indorsement and the formNis returned to the Chief of Ordnance.

.The only exception to this procedure is in the case of ammunition
or explosives that are considered, immediately dangerous to life and
property. When this is true, the\destruction may be authorized by
the Commanding Officer of the establishment The A.C.R. is then
made out and the Office, Chief of Ordnance is advised in the basic
report that the destruction has beem^completed.
METHODS OF DESTRUCTION.

Three general methods are authorized for the destruction of am-
munition and explosives: detonation, also referred to as demolition
or static firing; burning; and dumping at\sea, establishments located
near coasts may dump at sea. Burying or dumping into waste places,
pits, wells, marshes, shallow streams or inland water ways is pro-
hibited except as may be authorized under* provisions of paragraphs
66a and 259d of the Ordnance Safety Manual for the disposition of
black powder and chemical ammunition.' \

Chapter 2
\

Destruction by Detonation
GENERAL. .

Ammunition components- may be destroyed by initiating the ex-
plosive contained or by the force of explosion of explosive materials
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placed in contact with the item. Components destroyed in such a
manner are as follows:
Artillery projectiles
Aircraft bombs
Trench mortar shell
Antitank mines
Rockets
Offensive hand grenades
Rifle grenades
Fuzes, primers, detonators, boosters, and bursters
Photoflash bombs
Duds

One of two firing systems may be used to detonate the above items:
the electric or the nonelectric systems.

THE NONELECTRIC FIRING SYSTEM.
The nonelectric firing system consists of a high explosive, a non-

electric blasting cap inserted into the explosive, and a length of
miners' safety fuse inserted into the cap.

High Explosives. Detonation of ammunition components at ord-
nance establishments is accomplished with one of three explosives,
TNT, nitrostarch, or dynamite. A fourth explosive, composition C,
has been developed but information concerning it is not available at.
this time. However, it is of a plastic nature and may be molded to
any shape.

Explosive, TNT, rectangular. TNT is issued in rectangular blocks,
sometimes called "Triton" blocks, for destruction work. The blocks,
as issued, weigh Vi pound and are 1% inches square by 3% inches
long. Each block is incased in a cardboard container closed at both
ends with lacquered tin. At one end is a cylindrical hole approxi-
mately 2l/B inches deep to receive a blasting cap. This hole is cov-
ered with tissue paper. The blasting cap must not be forced through
this paper; the paper should first be broken with a sharp piece of
wood or similar instrument. -

TNT blocks are "Standard" for destruction work because TNT
most nearly fulfills the requirements of an ideal explosive for the
task. It is comparatively insensitive in all forms. This characteristic
makes a powerful detonating agent necessary. Fulminate of mercury
will not positively detonate TNT so commercial blasting caps cannot
be depended upon for its detonation. It may be positively detonated
by special issue tetryl caps or detonating cord. TNT is insoluble in
water and may be used for demolition work under water. A disad-
vantage is that explosion of TNT produces poisonous gases. However,
these gases are so rapidly dissipated in open air that they are ren-
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HALF-POUND ILOCK TNT
(IN CARDBOARD CONTAINER) HA M> WOI

I

Ffgure 297 — Triton Block
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dered harmless. The production of poisonous gases does prohibit the
use of TNT in situations where the gases are confined.

Explosive, nitrostarch, rectangular. Nitrostarch is a substitute for
TNT for destruction work. It is issued either in '/2-pound blocks,
1.906 inches square by 3.062 inches long with a cap hole as in the
TNT block; and in Vi-pound blocks, VA inches square by 2Vi inches

. long with a cap hole extending all the way through the length of the
' block. These blocks are wrapped in paraffin-treated paper. For con-

• venience of handling and use, Y4-pound blocks are assembled into
pound packages.

For practical purposes, the same methods and computations as for
TNT are applicable. However, nitrostarch is somewhat more sensi-
tive to friction, impact and flame or spark than TNT and conse-
quently more care must be exercised in its use. The %-pound and
V£Jpound blocks must not be broken into smaller pieces.

Dynamite. Commercial straight dynamite consists of nitroglycerin
absorbed in some porous material such as sawdust. The percent of
the dynamite signifies the actual percent of nitroglycerin by weight.
It is issued for destruction work in two types: dynamite, 40 percent
(commercial) and dynamite, 50 to 60 percent (commercial). The
40 percent is issued on the basts of 1V* pounds for each pound of
TNT. The 50 to 60 percent is issued on an equal weight basts with
TNT. Dynamite is usually packed in approximately Vi-pound
cartridges 1 Vi inches in diameter by 8 inches long, of water-resistant-
treated paper.

Dynamite is more sensitive than, other high explosives and must
be handled accordingly. Cases of dynamite should be stored right side
up so that the cartridge will lie flat and will not stand on end. The
cases should be turned every 30 days. The nitroglycerin has a ten-
dency to shift to the under side and' become concentrated and con-
sequently much more dangerous.

Nonelectric Blasting Caps. Detonation of explosives such as
TNT, nitrostarch, and dynamite is initiated by a small quantity of a
more sensitive explosive contained in a cap. A No. 8 commercial
blasting cap will detonate nitrostarch and dynamite. Special tetryl
nonelectric or tetryl electric caps are necessary to insure detonation
of TNT. Commercial blasting caps are numbered consecutively from
1 to 10, according to their strength, and contain, respectively, 0.3,
0.4, 0.54, 0.65, 0.80, 1.0, 1.5, 2.0, 2.5, and 3 grains of a mixture of 85
percent fulminate of mercury and 15 percent potassium chlorate.
The special tetryl cap differs from the commercial cap in that its
main charge is tetryl and is detonated by. a small charge of fulminate
of mercury and potassium chlorate.

The explosive charge of the cap is contained in a thin copper shell
which is closed at the open end with a plug. The shell protrudes past
the plug for assembly to miners' safety fuse by crimping.
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Figure 298 — None/eefrlc Blasting Equipment
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Safety precautions. The following safety precautions must be ob-
• served in the use of nonelectric blasting caps:

/. One person should be designated for the responsibility of taking
care of the blasting caps during operations of destroying explosive
components.

2. Blasting caps must not be stored or 'transported with high ex-
plosives.

3. Caps should not be left exposed to the direct rays of the sun.
4. Caps should not be carried in the pocket; there are special boxes

made for the purpose.
5. Do not remove blasting caps from the box with a wire, a nail or

similar instrument; use the fingers.
6. Do not use a weak cap. Use the prescribed-cap or a more power-

ful one.
7. The cap should be held with the fingers by the open end. Sub-

jecting the explosive to the heat of the hand should be avoided as
much as possible. Heat increases the sensitivity of explosives.
. 8. Do not tap caps or attempt to disassemble them. -
9. Do not hold the blasting cap in the hand while crimping. Place

the cap on the fuse and holding the fuse in one hand crimp with the •
other. Hold the cap to one side, away from in front of the body while .-
crimping. The crimp should be made at the extreme open end, oppo-
site the explosive.
10. Do not crimp a cap with the teeth or a knife. Use the cap

•crimper.
11. Improvised methods of detonating blasting caps are prohibited.
Fuse, Blasting Time. This fuse is commonly called miners'

safety fuse. It consists of a thin train 6f black poWder tightly com- •
pressed and partially waterproofed in inner and* outer wrappings.
Safety fuse is manufactured in lengths of 50 feet and made into rolls.
The exterior surface of the fuse is relatively smooth and is white or
orange in color. These outward appearances cannot be depended upon ,,•.
for positive identification, however. The purpose of the fuse is to
provide heat through the burning of the black powder to initiate
nonelectric blasting caps and to provide enough time between the
lighting of the fuse and the detonation of the cap to allow personnel
to take cover. It burns at the rate of about 32 to 40 seconds per foot.

Safety precautions. .The following precautions must be observed
in the use and.care of safety fuse:

1. The fuse should be stored in a cool, dry place free from oils,
paints, gasoline, kerosene, distillates, and similar solvents that have
a deteriorating effect on the fuse.
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2. Care should be taken in handling not to twist the fuse or pro-
duce kinks, especially in cold weather. Such treatment will loosen
the black powder and decrease the burning time.

3. Five or 6 inches should be cut from the end of the^roU and dis-
carded before using. The powder in the end is likely to have become
damp or loose.

4. After 5 or 6 inches have been discarded, one foot must be cut
from the roll and tested for burning time.

5. A length of fuse must be used that will give the person lighting
it plenty of time to reach cover.

6. The fuse must square-cut. If an obliquely cut fuse is inserted
into a blasting cap, it may double over the powder core and cause
a misfire.

7. Do not twist the safety fuse into the cap and do not use fofce
or violence. If the end of the fuse is flattened or too large, roll it
between the thumb and finger.

Cord, Detonating (Primacord). The detonating cord, known
commercially as primacord, is a flexible, waterproof fabric tube 0.203
inch in diameter with an explosive core of pentaerythritetetranitrate
(PETN). It is used as a detonating agent for high explosives and
may be initiated by an electric or nonelectric blasting cap. It may bo-
used to provide a link between the blasting cap and the demolition
block when safety fuse is used so that time need not be wasted by
burning more fuse than is required. It is also valuable for the firing
of a number of shots at some distance apart. PETN has a velocity
of detonation of about 19,700 feet per second It is comparatively
insensitive to shock, flame, or friction. It is furnished in 100-foot
lengths on wooden spools 7% inches long by 33/4 inches in diameter.
The cord is greenish-yellow in color, and has a relatively rough, waxy
surface.

Obsolete Fuses. There are two fuses formerly used for demoli-
tion work which are now obsolete. The first is called instantaneous
fuse and consists of a core of loose black powder in a rough braided
outer wrapping. Its burning time is 120 feet per second. It was used
with miners' safety fuse to increase the length without making an
appreciable increase in time. Issue of instantaneous fuse is prohibited,
and if any is found it should be reported for destruction.

The second obsolete fuse is called cordeau detonant and consists
of a core of TNT in a lead tube about'the size of a lead pencil. This
fuse has been discontinued for issue and manufacture. It has been
replaced by primacord.

Miscellaneous Equipment.
Crimper, cap. The cap crimper resembles a pair of pliers in ap-

pearance.. It is made of blued steel and is 7 inches long. A hole in
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. the nose of the crimper is of a diameter that will close, the open end
of a blasting cap firmly on miners' safety fuse and yet prohibit
squeezing the fuse so tightly as to interfere with the burning of the
powder train and cause a misfire.

Jackknife. A pocket knife with a sharp blade should be included in
demolition equipment for the purpose of slitting safety fuse and cut-
ting twine and tape.

Tape and twine. Tape and twine are included in the equipment
for such duties as assembling a number of explosive blocks together
to form a charge, securing the blasting cap to the primer block, for
wrapping splices and joints of time fuze, for securing a charge to a
component and for-securing blasting caps to detonating cord.

Safety matches.' Safety matches of the wooden stick variety are
used to ignite miners' safety fuse. Their care should be entrusted to
one designated person as no other personnel is permitted to carry
matches on explosives operations, and smoking is prohibited. The
best method of lighting blasting time fuse with a match is to split

'the end of the fuse for about 1 inch so that the black powder is
exposed, hold the match at right angles to the fuse with the head in
the slit and draw the friction surface of the match box across it.

Lighter, /use. The fuse lighter consists of a thin metal tube con-
taining friction composition, a paper reinforcing tube, and a friction
wire attached to a handle. The metal tube has sharp prongs on the
inside pointing inward. When the fuse is inserted past these prongs,
it will not pull out Pulling the handle initiates a flame which is
transferred to the safety fuse.. Fuse lighters are also used in the
construction of trap mines. ' . •

Preparation of Charges. When a number of demolition blocks
are required for the destruction of ammunition components, best re-
sults will be obtained by placing the blocks in intimate contact with
the item and placing one on top of the other. If three or four blocks
are used, two will be placed close together on the will of the com-
ponent and the others will be placed on top of those two. If five or
six are needed, there will be two layers of two blocks each with the
fifth and sixth on top in a third tier. One of the top blocks, with
blasting-cap and fuse attached, will be inserted into the charge to
act as a primer after the other blocks are in place. The blocks may
be held in place by tamping moist earth lightly around them or by
taping or tying them together and to the component to be destroyed.
THe fuse should be tied to the primer block about six inches above
the blasting cap to prevent it from being pulled out.

Demolition explosives may be detonated with detonating cord by
tying it tightly around the block. Further details on the assembly of
charges may be obtained from the Engineer Field Manual, No. 5-25.
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INSULATED LEAD WIRES
ENDS OP LEAD WIRES PROJECTING INTO CHARGE
PLATINUM WIRE BRIDGE
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G. FILLING MATERIAL (SULFUR)

SECTION OF ELECTRIC CAP

"II

10 CAP EXPLODER

30 CAP EXPLODER GALVANOMETER
RA to :JMI

Figure 299 — Electric Blasting Equipment
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.CONNECTING WIRE

FIRING WIRE

"CAPS IN CHARGES

Figure 300 — Ser/ei Connection
RA n MM

THE ELECTRIC FIRING SYSTEM.
General. An electric firing system consists of a high explosive with

an electric blasting cap inserted, a firing wire, and a magneto exploder
or blasting machine;

High Explosives. The same explosives for destruction of ammu-
nition are used in the 'electric system as are used in the nonelectric
system.

Cap, blasting, electric. Electric blasting caps for demolition work
may be either commercial or special tetryl caps. These caps contain
the same explosives as the nonelectric cap and the commercial caps
are numbered according to strength in the same way. Special tetryl
caps are required positively to detonate TNT.
. The explosive charge is contained in the bottom of a copper shell.
An asphalt pltig is inserted over the explosive and the. remainder of
the .shell is filled with a sulphur filling material. Two 12-foot lead
Wires are inserted through and kept separated in the filling material
and plug which are insulators. These wires extend into the explosive
charge and are joined at the ends with a platinum wire or bridge. The
lead wires are insulated from the cap outward. If the cap is of the
special electric type, the explosive around the platinum wire is a
mixture of mercury fulminate and potassium chlorate, and the bal-
ance is tetryl. When an electric current is induced, through the lead
wires, the resistance offered by the platinum bridge produces enough
heat to initiate the mixture of mercury fulminate and potassium-
chlorate.

Safety precautions. The same safety precautions that apply to
nonelectric caps also apply to electric caps with the exception of
those that deal with the crimping and the holding of the cap in the
hand. When using electric caps, the following should be added:

L Hold the electric cap by the lead wires.
2. Do not pull on the wires of ah electric cap. •
3. The lead wires should be kept separated during connection to

the firing wire to prevent short circuiting.
4. The ends of the lead wires and the ends of the firing wire should

be scraped lightly with a knife blade before splicing to insure a good
electrical connection. - •
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5. If working on wet ground, the electrical splice between cap lead
wires and firing wire should be held in an above ground position by
bending the firing wire upward about a foot from the end and secur-
ing with mud. This will prevent short circuiting through the ground
and consequent misfires.

6. The bared ends of the firing wire should be touched together
before being spliced to the cap lead wires to get rid of any static
electricity that may have accumulated.

Reel, Firing Wire. The firing wire is issued on a metal reel car-
rying 500 feet, the total weight of the reel and wire being about 30
pounds. The firing wire is made up of two No. 18 gage (B k S) cop-
per wires, each insulated independently of the other, contained in a
rubber cover. The inner end of the firing wire-is attached to the reel
and is always available for connection to the exploder. The other
end is free to be unwound for connection to the charge. If one reel
does not provide sufficient distance from the point of explosion for
safe cover, two reels may be spliced together by connecting the free
end of the wire from one reel to the inner end of the other.

Blasting Machines or Magneto Exploders. The blasting machine
is used to generate the current for firing electric blasting caps. It con-
sists essentially of a small portable dynamo or magneto. Blasting
machines are issued in two sizes, the 10-cap and the 30-cap ex-
ploders. . •

The 10-cap exploder. This machine will initiate the detonation of
10 electric blasting caps with 12-foot copper wire leads connected in
series. It has a possible overload of 100 percent. It is operated by a
vigorous twist of the handle; the quicker the twist, the more current
is developed. The exploder weighs approximately 5 pounds. .If the
voltage produced weakens through lack of use, the magneto may be
revitalized by connecting the two posts with a short piece of copper
wire or other conductor, and twisting the handle in a clockwise direc-
tion several times. The handle is easily removable, and for safety
should be inserted in the exploder only when ready to fire and
should be removed immediately after firing.

The 30-cap exploder. This exploder has a capacity of 30 electric
caps with copper wire leads. It weighs about 25 pounds. This machine
is operated by a hard downward thrust of the handle to the bottom of
its travel.

Safety precautions. The following precautions should be observed
in the use and care of the exploder:

/. The exploder should be assigned to the care of one responsible
person who should keep it in sight during the whole destruction op-
eration.

2. The firing wires should not be connected to the exploder until
all personnel is undercover and the area is seen to be clear. "
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J. The exploder should not be operated half-heartedly. .-.
4. In case of misfires, the handle of the exploder should be twisted

several times to ascertain that enough current is being generated. If
the charge still does not detonate, the exploder should be discon-
nected, revitalized, reconnected and tried again.

Miscellaneous Equipment.
Ga/vanomerer. The galvanometer is an instrument used in demoli-

tion work to determine whether a blasting circuit is open or closed;
that is, whether the circuit is in proper condition for the blast or,
because of defective wiring or other reasons, will fail to transmit the
electric current. The instrument is a magnetic device in which an
electric current from a small chloride of silver dry cell moves a
pointer across. A scale. There are two posts conveniently located for
connections. When the posts are connected in a closed circuit, the
current flows through the galvanometer coil and causes the pointer
to be deflected. The amount of deflection depends on the amount
of resistance in the closed circuit and on the strength of the chloride •
of silver dry cell.

The galvanometer should be handled carefully and kept dry. It
should be tested before using by placing a short piece of copper wire
momentarily across its binding posts. If the needle does not swing
freely across the scale, the battery cell is weak and should be re-
placed. A galvanometer circuit should never be closed over long
periods of time because the strength of the chloride of silver dry
cell would soon be exhausted.

To test a blasting circuit, touch the two ends of the inner reel firing
wire to the two posts of the galvanometer. If the circuit is closed
and has a low resistance, the needle will move freely across the scale
If the needle does not move, there is a break in the circuit. If the
needle moves only slightly, there is a place of high resistance in the
circuit such as a splice or partially broken wire. If the caps are
placed in parallel, each cap must be tested individually. Each series
in'a series parallel circuit must also be tested individually,

Precautions applicable to the use of the galvanometer are as fol- «
lows: ' •

1. The proper chloride of silver dry cell must always be used, as.
other cells may have sufficient strength to detonate a cap.

2. All personnel should be under cover when the circuit is tested
because it is possible that the caps may be set off by the small
amount of galvanometer current.

Preparation of Charges. The only differences between nonelec-
tric and electric charges is the use of an electric cap in the primer
block and the electric system for the initiation of the cap. The cap
may be secured in the block by looping the cap wires over the block
instead of tying with string. A mud pack may serve the same pur-
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Figure 301 — Two Series Connected In Parallel

pose. A number of charges may be detonated simultaneously by con-
necting the lead wires of the blasting caps and the firing wire in
series. A parallel circuit is rarely used because it necessitates testing
each part of the circuit separately. A series parallel circuit is some-
times used, but the parallel connection must be made to the blasting
machine since the circuit must be tested from cover. Detailed infor-
mation of the assembly of charges is given in the Engineer Field
Manual No. 5-25.

DESTRUCTION OF ARTILLERY SHELL.
General. The method of destruction of artillery shell varies some-

what with the filler and the construction.
However, the fundamental characteristics of the operation are the

same and safety precautions vary only slightly. It should be under-
stood that shell destruction refers only to the projectile. If fixed am-
munition is to be destroyed, the cartridge case is removed from the
projectile, the propelling charge is burned, the primer is fired and
the primer body and cartridge case are salvaged. For better under-
standing of a destruction operation, it is best to take a specific case
and compare other operations to it. The case cited in the following
will be the destruction of 155-mm H.E. shell.

Destruction of SHKI.L, H.E., M107, Unfurl, for 155-MM
Howitzer Ml. In the discussion of a sample destruction, it is best
to assume that a number of shell are being destroyed and that, as
yet, a site has not been selected for destruction work.
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Selection of a demolition ground.-The site used for the destruction
of ammunition or explosives must be at a minimum distance of 800
yards from inhabited buildings, public railways, public highways,
magazines, and operating buildings. (Definitions of these terms may
be found in the Ordnance Safety Manual, section V.) Distances from
1 */2 to 3 miles are desirable. The area around the point of destruc-
tion must be cleared of dry grass, leaves, and other inflammable ma-
terials for a radius of 200 feet. Shell awaiting destruction will not be
piled within 200 feet of the point of destruction and will be pro-
tected from grass fires, burning embers, and flying fragments. AH dry
grass, leaves, and other inflammable materials will be removed within
a radius of 50 feet of the piles. Fire-fighting facilities for combatting
grass fires should be maintained* readily available if practicable.

If an area containing ravines or deep gullies is available, time and
labor may be saved. In such case, the charge should be placed in a
sharp bend that will block the flying fragments.

Shelter. A bombproof or barricade of sufficient strength to provide
protection for personnel from flying fragments or missiles should be
erected.

Personnel. The destruction of explosive material requires great
care in every detail and should never be attempted by inexperienced
or untrained personnel. Trainees must not take part in operations
such as preparing charges and caring for blasting caps until they
have first observed and been fully instructed on pertinent safety pre-
cautions on handling of equipment and explosives. The number of
persons engaged in explosive operations should be consistent with
the amount of work to be done; under no circumstances will one
person be permitted to work alone. In addition to persons required
for the work, guards or warning signs will be posted on all roads
leading into the danger area to keep unauthorized personnel out

. during demolition operations.
Every person taking part in the destruction should be instructed

as to his specific duties before the operations begin. If untrained per-
sonnel are present, pertinent safety precautions should be pointed
out. .

Transportation. The cargo portion of the truck carrying materials
to the demolition grounds for destruction should be lined with boards
or canvas. Signs should be displayed on each side and rear with the .
word "EXPLOSIVES" or a red flag 24 inches square marked with
the word "DANGER" in white letters should be displayed. The ex-
plosive materials should, be covered with a tarpaulin. The driver
should be instructed to drive slowly and carefully, especially over
rough roads. No more materials should be taken to the demolition
grounds than can be destroyed in one day. Upon arriving at the
grounds, the motor of the vehicle should be shut off while the ex-
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plosive materials are being unloaded. The explosives should be cov-
ered with a tarpaulin before the motor is started and the truck is
driven away.

Preparation of shell for destruction. If the' number of shell that
may be safely detonated at one time has not been previously deter-
mined, it may be found by starting with one shell and building up to
a maximum number consistent with safety. This number will very
with conditions at different establishments. The number of shell to
be detonated will be carried to the point of destruction and placed
in a pit large enough to contain them. They will be piled together in
intimate contact in pyramid fashion.

The charge of demolition blocks is placed on one of the top and
center shell of the pile and either tied, taped, or packed in place
with moist earth. The number of blocks required for the destruction
may be found in the following table:
C«llk.r •» Sti.ll . TNTII«t«
20-mm, 37-mm, 40-mm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
75-mm, 76-mm, 3-inch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
90-mm, 105-mfn, 4.5-inch ) 3
4.7-inch, 155-mm, 6-inch ^- • • • • • • • • • • • • • • • • • • • • •
8-inch, 240-mm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
10-inch, 12-inch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
14-inch, 16-inch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

Never less than the number of blocks shown in the table should be
used; it is better to use one more in the case of the larger calibers.

'A nonelectric or electric blasting cap is inserted into one of the top
blocks in the charge and is secured in place. If TNT blocks are used
a special tetryl cap is required; if nitrostarch or dynamite is used, a
No. 8 commercial cap or stronger is required. The cap lead wires or
miners' safety fuse are laid so that the free ends will not be covered
.with earth and the shell are covered with three to four feet of dirt
Care should be taken that the earth cover does riot include materials
that will form dangerous missiles. Personnel should be instructed to
pile the earth on the shell carefully so that the blasting cap and ex-
plosives will not be jarred. The earth should be piled so that it pro-
vides a 3- to 4-foot cover in all directions.

Destruction. If a nonelectric firing system is used, one man is left
at the destruction point to light the fuse. The balance of personnel
retire to the barricade arid one specifically designated person, after
making sure that the area is clear, gives the signal for lighting the
fuse. The fuse is lighted and the lighter retires to the barricade.

If an electric firing system is used, the lead wires are connected
to the firing wire and all personnel retire to the barricade where the
other end of the firing wire is located. After the person in charge has

'made sure that the area is clear and that all personnel are inside of
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the barricade, the circuit is tested with a galvanometer. If the cir-
cuit is closed and has a low resistance, the firing wire is attached to
the binding posts of the exploder and the charge is detonated.

The hole resulting from the explosion may be used for the destruc-
tion of the next shell, but care should be taken that it has copied
sufficiently. After each detonation, the area should be searched for
unexploded materials and'if any are found they should be included
in the next blast.

Safety Precautions and Use of Equipment., The methods of use
and the safety precautions connected with electric and nonelectric
firing systems should be applied to any destruction operations in
which they are used.

Misfires. If a charge is initiated and does not explode, personnel
should remain in shelter at least 30 minutes before investigating the
failure. The charge should be uncovered very carefully so as not to
disturb the blasting cap and another block should be primed with a
new cap. This new primer is then exploded as before. Slight move-
ment of the blasting cap that failed to function may result in an ex-
plosion. Heating caused by the electric current or flame from the
fuse increases the sensitivity of the initiating explosive.
Shell Loaded With Explosive D. Shell loaded with explosive D

must be destroyed one at a time. The filler is so insensitive that it
will not detonate sympathetically. For the same reason, more demo-
lition blocks are needed than for the destruction of shell loaded with
TNT or amatol.

Shell Filled With Adapter Boosters. Shell-fitted with adapter
boosters can be detonated without the use of demolition blocks by
placing a special tetryl cap in the fuze cavity and sealing the open-
ing with mud.

Chemical Shell. Shell with chemical fillers may be detonated as
outlined in the destruction of 155-mm H.E. shell. The following pre-
cautions are added:

1. As chemical shell contain a comparatively small amount of ex-
stroyed, water should be poured on the ammunition until no smoke
should be double the number specified for. high-explosive shell of
equal caliber.

2. The chemical shell to be destroyed, excepting those filled with
phosphorus, should be destroyed a single shell at a time, in a pit at .
least 6 feet deep. Phosphorus shell should be destroyed on top of
the ground so that when the shell is split open, air will be available.

3. The point at which H shell are to be exploded should be chosen
so that personnel can be excluded for a period of approximately 48
hours from the area 1 mile down wind from where the shell is to be
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exploded. Also, personnel must be prevented from passing within a
distance of 150 yards from the point of destruction for a period of
about 2 weeks. When the charge has been set, the 6-foot pit is back-
filled and the charge is exploded. The hole made by the blast should
be filled with a mixture of dry bleach powder and earth. Place a per-
manent sign on the fill prohibiting digging. When shell containing
persistent gases other than mustard are to be destroyed, specific in-
struction should be requested from the office of the Chief of Ord-
nance.

4. If leaking ammunition loaded with phosphorus is to be de-
stroyed, water should be poured on the ammunition until no smoke
is visible before the demolition blocks are placed for detonation.

5. Personnel engaged in the destruction of chemical ammunition
will wear adequate protective equipment and clothing and will have
necessary first aid supplies on hand.

Shrapnel.
Conventional method. The destruction of shrapnel cannot be ac-

complished by mass detonation as in the case of H.E. loaded shell
A shrapnel projectile with the time fuze removed may be destroyed
by placing a blasting cap in the flash tube. The cap should be pushed
down the tube carefully until it touches the bottom. The nose should
be closed around the safety fuse or cap lead wires, as the case may
be, with damp earth. If an electric system is used, the cap may be
further secured by folding the lead wires back and taping them to
the nose of the shell. When shrapnel is exploded in this manner, the
projectile case recoils with a tremendous velocity and will escape
from the pit unless backed up by a strong perpendicular surface.

Alternative method. The shrapnel is buried, base first, into the
side of a 6-foot pit (large enough for operations described) for about
.three-quarters of its length and with the nose pointing slightly down-
ward toward the bottom. A blasting cap is1 inserted -into the flash
channel as described in the conventional method. When the cap is
initiated, the shrapnel case -will be driven farther into the earth and
the balls will be propelled into the bottom and opposite side of the
pit Several shrapnel may be detonated simultaneously by burying
them in the sides of the pit and detonating them with electric blast-
ing caps connected in series. Special tetryl caps are not required for
detonating shrapnel because their only purpose is to initiate the black
powder base charge.

DESTRUCTION OF AIRCRAFT BOMBS.
Compared With Destruction of Articllery Shell. Bombs may be

destroyed in accordance with the instructions for the detonation of
artillery shell. However, the following should be noted:
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/. Bombs contain much larger quantities of explosives by percent
of total weight than artillery shell. The number detonated at one
time must be reduced accordingly.

2. Bombs have thin walls and detonate so readily that fewer demo-
lition blocks are required for their destruction.

3. Since bombs filled with high explosive are subject to mass de-
tonation, they should be segregated into small piles at least 100 feet
apart and at least 300 feet from the point of destruction. Protection
must be provided that will shield the piles against fragments or mis-
siles. ,

4. The destruction of bombs larger than 100 pounds will not be
undertaken without specific instructions from the Office, Chief of
Ordnance.

DESTRUCTION OF TRENCH MORTAR SHELL, ANTITANK
MINES, AND ROCKETS.
These components have greater amounts of filler as compared to

total weights than artillery shell so that fewer components should be
destroyed at one time. Otherwise the destruction procedures are the
same as for artillery shell. The part containing the propelling charge
is removed from the rocket before it is detonated. Since these com-
ponents have thinner walls than artillery shell, fewer demolition
blocks are required for their destruction.

DESTRUCTION OF OFFENSIVE HAND GRENADES AND RIFLE
GRENADES.
Grenades, up to a total of 40, should be packed in a box in inti-

mate contact with each other and placed in a pit. Approximately 1
block for each 6 grenades is placed on top of the grenades. One of
the top blocks in the pile should be fitted with a blasting cap. A lid
should be placed over the box and the box should be covered with 3
or 4 feet of earth. Care should be taken not to pinch the safety fuse
under the lid if safety fuze is used. All applicable safety precautions
set forth in the discussions of the detonation of artillery shell and
the nonelectric and electric firing systems will be observed.

DESTRUCTION OF FUZES, PRIMERS, DETONATORS,
BOOSTERS, AND BURSTERS.
A small quantity of these components should be placed in a box

of appropriate size in intimate contact. The box should be placed
in a pit large enough to contain the box. One demolition block is
fitted with a blasting cap and placed on top of the components. A
lid should be placed on the box, and 3 or 4 feet of earth should be
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provided as a cover. The charge should then be exploded in- ac-
cordance with all applicable safety precautions set forth for destruc-
tion of artillery shell and use of electric and nonelectric equipment
It should be particularly noted that the quantity of explosive in these
components, especially in the case of primers, is so large in proportion

;to the total weight of the unit that small quantities only should be
exploded and then only with extreme caution.

DESTRUCTION OF PHOTOFLASH BOMBS.
Photoflash bombs may be treated as thin-walled artillery shell for

destruction. Personnel should be instructed not to look in their direc-
tion when they are detonated as the flash is blinding.

DESTRUCTION OF DUDS.
General. Ammunition inspectors may sometimes be called on to

. destroy duds. Duds are marked where found with a red flag and
then are reported. Amateurs should leave duds strictly alone be-

, cause components that have been initiated and have failed to func-
tion are extremely dangerous to handle. They should not be moved

•• but should be destroyed wherever found, if practicable. Should it be
necessary to move a dud, great care should be taken not to cause

' movement of the internal parts. Such action may result in immediate
explosion.

'. ' Detonation. The detonation 'of duds is carried out in the same
manner as described for whichever type of component it happens to
be. Added caution must be exercised in not jarring the dud in any

. way. If the dud is on a target range where shelter is not available, it
is usually detonated, using a nonelectric firing system. A length of
safety fuse that will give personnel time to get a safe distance away
will be used. If the explosive content is large and facilities are avail-
able, a conveyance may be used to carry personnel to a safe distance.

DESTRUCTION OF OTHER COMPONENTS.
•; Components of the same nature of those discussed in this chapter
but not included must not be destroyed without specific instruction
from the Office, Chief of Ordnance. When exceptionally large quanti-
ties are to be destroyed, specific instructions will be requested from
the Office, Chief of Ordnance.

• ,(: .
FURTHER REFERENCES: A complete list of references with
regard to disposal of unusable ammunition will be found at the'end
of this section.
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Chapter 3 . • . . . . . ...
Destruction by Burning

'

GENERAL.
Types of Explosives and Ammunition Destroyed by Burning.

The types of explosives and ammunition destroyed by burning are
as follows:
Black powder
Smokeless powder
High explosives (TNT, tetryl, explosive D)

.Pyrotechnics ..
Small-arms ammunition
Primers, fuzes, detonators, and boosters
Fragmentation grenades
Chemical ammunition filled with H

Selection and Preparation of Grounds. In choosing a burning
ground, bad lands with gullies, etc., should be utilized. The burning
ground should not be closer than */4 mile to the nearest inhabited
building, public railway, public highway, magazine, or operating
building. (Definitions of these terms may be found in section V of
the Ordnance Safety Manual.) Greater distances are desirable. All
dry grass, leaves, or other inflammable materials must be cleared from
around the point of destruction for a radius of 200 feet Material
awaiting destruction must be 200 feet from the point of destruction
and the area around this material should be cleared of dry grass,
leaves, and other inflammable materials for a radius of 50 feet.

Transportation. The cargo portion of the truck must be lined with
boards or canvas and the material being transported must be cov-
ered with a tarpaulin. Signs on each side and rear with the Word
"EXPLOSIVES," or a red flag 24 inches square marked with the
word "DANGER" in white letters must be displayed. The driver
should be instructed to drive carefully, especially over rough roads.
While the material is being unloaded at the burning grounds, the
motor of the vehicle must be stopped. The explosive material must
be covered with a tarpaulin while the motor is started and the truck
drives away. No more than 1 day's supply will be taken to the burn-
ing ground. • • . . -

Personnel. The destruction should be accomplished by trained
personnel under the direction of a competent supervisor. Trainees
will be fully instructed and will observe operations before taking
part Unauthorized personnel will not be permitted in the area while
burning of explosives or chemicals is being accomplished. There
should never be more than the required number of persons on the
job, and never will there be less than two.
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General Safety Regulations. The general safety regulations ap-
plicable to destruction by burning are as follows:

'' L Facilities for fighting grass fires will be maintained readily
available. When exceptionally large quantities of explosives are being
burned, the fire department should be notified.

2. Unless otherwise specified, material to be burned will always be
removed from containers as attempts to burn certain explosives under
even slight confinement may result in detonation.

' 3. In repeated burning operations, care will be taken to guard
against material being ignited from burning residue or heat retained
in the ground. It is wise to select a new spot for each burning and not
to reuse ground until 24 hours have elapsed.
'"4. Matches will be of the wooden stick safety variety and will be

carried by one designated person only. Smoking will be strictly pro-
hibited during burning operations.

5. When explosives in a train^ pit, or trench are being ignited with
inflammable material, all personnel except the person doing the light-
ing should retire to a safe distance. After lighting the material the
lighter must also take cover.

6. If practicable, the ground at the point of destruction should be
wet down with water at the close of each day's operation.
DESTRUCTION OF BLACK POWDER.

.Containers. Black powder containers will be opened with tools
of wood or nonsparking metals. The contents of only one container
will be destroyed at a time. The emptied container will be thoroughly
rinsed with water since serious explosions have occurred with sup-
posedly empty black powder cans. The safest method of destroying
black powder is to dump it into a stream or body of water since
water dissolves the nitrates and renders the powder ineffective. If
no suitable stream is available, it may be burned.

Burning. The powder must be removed from the container and
spread out in a trail about 2 inches wide, care being taken that no
part of the trail parallels another part within a distance of 10 feet.
The ground over which the trail is laid must be free from cracks
or other depressions in which the powder might be confined. A train
of inflammable material, such as excelsior, at least 10 feet long and
laid so that when it is ignited it will burn with the wind is used to
ignite black powder. The ignition of black powder results in a flare
or explosion so quickly that there is no chance to withdraw after the
powder ignites.

• .There is some controversy over the position of the igniting train.
. Some persons believe that the powder should be ignited against the
wind so that the train will burn more slowly and allow the person
igniting it more time to get safely away. Others believe that if an
igniting train 10 feet long is used and the powder train is properly
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laid upward, the igniter will have plenty of time to get away .and
in case of accidental ignition of the powder the wind will carry the
sudden intense heat away from the trapped person. The latter, while
recent, is very good reasoning.

BURNING OF SMOKELESS POWDER.
Bulk Smokeless .Powder, Up To 500 Pounds. Quantities of less

than 500 pounds of bulk smokeless powder may be burned safely
if the powder is removed from the container and 'Spread on the
ground in a thin layer or train not over 3 or 4 inches thick. If the
powder is transferred to a small-arms box, it will facilitate the spread-
ing of the train. A train of inflammable material, or a very thin train
of the powder itself, about 10 feet long and laid so that the lighter
has the wind blowing toward him should be used to ignite the
powder.

Bulk Smokeless Powder, Up To 5,000 Pounds. Quantities up to
5,000 pounds may be burned in a pit or trench if a train of inflam-
mable material, at least 25 feet long and on the down-wind side, is
used to ignite the powder. When such large quantities are burned, a
shield, at least 200 feet away from the point of destruction, should be
erected to protect personnel from the intense heat.

Propelling Charges. When separate loading propelling charges
are to be destroyed, the smokeless powder will be removed from the
bag at the burning ground by slitting the end'opposite the igniter
pad with a safety knife. The slit is enlarged by tearing and the smoke-
less powder is poured into a container which should be open only
while receiving powder. This powder will be burned in accordance
with the procedures for burning bulk smokeless powder.

The igniters and bags upon being emptied will be submerged im-
mediately into a container of water. The igniter pad will be slit with
a safety knife while being held under "water and the black powder
emptied. The igniter pads and cartridge bags will remain under water
for a period of about 3 days, after which, they should be spread out
into the open until thoroughly dry. When the igniters and bags are
dry, they may be burned in a pit or trench taking care to limit the
amount destroyed at one time to a safe number and to ignite them
with an inflammable train. Bags and igniters awaiting destruction
must be protected against accidental ignition.

BURNING OF HIGH EXPLOSIVES (TNT, TETRYL AND EXPLO-
SIVE "D").
High explosives such as TNT, tetryl, and explosive "D" will.be

destroyed by burning. A bed of excelsior should be prepared and the
explosive should be spread on top of it in a thin layer, not over 3 or 4
inches thick. TNT box tops and wrapping paper may be substituted
for excelsior as a bed. If the boxes are to be destroyed, they may be
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placed along the sides of the bed. A'train of inflammable material
at least 10 feet long should be used to ignite the explosive from the
down wind side. Personnel will retire to a safe distance so that .the
wind will blow the smoke and fumes away from them. The gases
formed in the burning are poisonous. <:.

If it becomes necessary to burn other high explosives such as ful-
minate of mercury, dynamite, picric acid, etc., special instructions
will be requested from the office of the Chief of Ordnance.

BURNING OF PYROTECHNICS.
Pyrotechnics, Except Parachute Flares. Pyrotechnics, except para-

chute flares, will be destroyed in quantities consistent with safety in
a trench about 4 feet deep. A quantity of excelsior, wood, or similar
inflammable material sufficient to produce a good hot fire will be
placed in the bottom of the trench. The pyrotechnics to be burned
will be removed from their containers and placed on top of the in-
flammable material. A cover of heavy iron grating or wire mesh
should be placed over the pit and staked down. The fire is lighted
from the down-wind side with a train of inflammable material.

Parachute Flares. Parachute flares will be destroyed in the same
manner as other pyrotechnics except that they will be placed on their
ends atop the inflammable material with each flare separated by a
distance of at least 4 feet. No cover is placed over the pit. It is im-
perative that personnel have good protective cover or withdraw to a
safe distance since the flares are subject to detonation.

BURNING OF SMALL ARMS, PRIMERS, FUZES, DETONATORS,
AND BOOSTERS.
The Pit and Chute Method. A pit which is approximately 6 feet

square and 4 feet deep is dug. An inclined chute, such as a piece
of 4-inch pipe, should be provided and should be placed so that one
end is over the center of the pit and the other isibehind a barricade.
The end of the chute behind the barricade should be baffled and
should be higher than a man's head. The chute may act as a rifle
barrel for fragments flying from the pit. The pipe must be securely
braced. A hot fire should be built in the pit and covered with sheet
iron or other material suitable to confine flying fragments. Openings
must be left for draft.

Components containing small amount of explosives such as smalt
arms and 21-grain percussion primers may be fed through the pipe:
into the fire several at a time. This quantity may be properly limited
by using a dipper. Fuzes, detonators, boosters, and large primers must
be dropped into the pit one at a time and the explosion heard before
another is dropped. If the small-arms ammunition does not sound
like double machine guns when dropped into the pit, the operation
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should be discontinued. After 30 minutes, more fuel should be put
on the fire and the operation continued.

Other containers may be substituted for the pit if they are strong
enough to withstand the pressure of the explosions. An example is
a square container of approximately Vi-inch armor plate which is
welded together. The container is set up on hollow cement building
blocks and a good hot fire built under and around it. A heavy. lid
is put over the top and has small holes drilled in it to prevent its
being blown off. The pipe runs through this lid. Hojes may also be
drilled around the top of the container to reduce pressures. Small
holes about 2 inches apart may be drilled in the bottom. The con-
tainer must be given ample time to become heated before any com-
ponents are dropped in.

Burning in a Trench. Primers smaller than 100 grain may be .
burned in a trench approximately 2 feet deep, 1 foot wide, and of
sufficient length to accommodate the number of primers to be burned
at one time. A quantity of excelsior or similar combustible material
sufficient to insure a good hot fire throughout its length should be
placed in the bottom of the trench. The primers must be removed
completely from their containers and placed on the combustible mate-
rial before the fire is lighted. A piece of sheet metal should be placed
over the trench to confine fragments. Sufficient space should remain
uncovered at the ends to allow a draft through the trench. The com-
bustible material is lighted with an inflammable train.

DESTRUCTION OF FRAGMENTATION GRENADES.
Grenades are destroyed by unscrewing the fuze from the body,

emptying the EC blank powder into a barrel of water, and destroying
the fuzes by the pit and chute method. The EC blank powder may
be later spread out on the ground, allowed to dry, and burned in
accordance with the procedures outlined for black powder. If the
fuzes do not disassemble easily, the grenades should be destroyed
with demolition blocks like offensive and rifle grenades.

DESTRUCTION OF CHEMICAL COMPONENTS FILLED WITH H.
General. When chemical ammunition containing mustard cannot

be dumped at sea and a sufficiently isolated area is not available for
static firing, it must be destroyed by one of the following methods.
The precautions discussed in the chapter on storage of chemical am-
munition will apply to the transporting and handling of the ammuni-
tion. Personnel will wear complete protective clothing and equipment.
The appropriate first aid supplies must be on hand.

Burying. A small hole (about Vi in.) is drilled into the void space
of the component. A handful of waste or cloth wadding saturated
with 5 percent bleaching powder solution should be held around the
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point where the hole is being drilled to absorb any H vapor emitted
when the drill pierces the component. The hole is then reamed or
drilled to a diameter large enough to allow the mustard to be poured
out. The H is then poured over a pile of loose earth and bleaching
powder mixture in the bottom of a hole about 5 feet deep, dug at
least 200 yards from well sites, streams, or bodies of water. Personnel
must have the wind blowing away from them during this operation.
The pile of loose earth and bleaching powder mixture in the bottom
of the hole should consist of an intimate mixture of about 1 bushel
of earth and 1 bushel of ordinary bleaching powder (35 percent
chlorine). The emptied shell should be placed on top of the bleaching
powder and the hole back filled to within a foot or so of the top.
Then, approximately a barrel of water should be poured into the
hole and the back filling completed. If HTH (bleaching powder con-
taining 65 percent of available chlorine) is used instead of ordinary
bleaching powder, only about one half as much is needed. A perma-
nent sign should be placed on the fill prohibiting digging in the vici-
nity. The quantities given in this discussion are based on 155-mm
shell which contain approximately 11 pounds of mustard. In cases
where contents are greater or smaller, the amount of bleaching pow-
der and earth must be changed accordingly.

Burning. A mustard component opened by drilling may also be
destroyed by pouring the. contents uniformly over a closely packed
pile of wood containing about Vi cord and laying the component on
the top. The wood is then set on fire and personnel excluded from
the down-wind area to a distance of 200 yards while the wood is burn-
ing. If the shell is heated to a red heat in this method of disposal,
mustard adhering to the shell walls will be destroyed. If the shell
contains a burster charge, the charge should be removed before the
shell is placed on the wood. In emptying the shell, personnel should
be placed so that the wind will blow the gas away from them. Drill-
ing tools contaminated with mustard should be cleaned thoroughly
by immersing in a 5 percent solution of bleaching powder for 10 or
15 minutes and then washing with water. '

FURTHER REFERENCES: References will be found at the end
of the last chapter in this section.

Chapter 4
Dumping at Sea

GENERAL.
The safest and easiest way to destroy unusable ammunition is to

dump it at sea. The items disposed of in this manner must be of
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sufficient weight to sink to the ocean floor. Only at establishments
located near a deep sea waterway is this method practicable. Port
authorities must be consulted prior to taking explosive materials out
to sea.

TRANSPORTATION.
Personnel supervising the loading of boats and barges should ̂ be

familiar with Army Regulation No. 55-470. Unless a definite location
for dumping is designated by the local port authorities, no explosive
material should be thrown overboard within a distance of 10 miles
from shore. An effort should be made to locate a deep place or a
ledge sloping seaward. Instances are on record of heavy items of
ammunition being washed ashore from almost incredible distances.
During daytime transit, the boat or barge will display a red flag
4 feet square at least 10 feet above the top deck. At night, a red
lantern is substituted for the flag. A competent man on board must
be on the alert to signal approaching vessels of the cargo.

DUMPING.
AH precautions relative to the safe handling of the various types

of ammunition being destroyed will be carefully obeyed. All materials
must be carefully removed from their packing before being dumped
overboard. Great caution must be exercised to see that none of the
items strike together or strike any part of the boat or barge.

FURTHER REFERENCES: The following references apply to all
methods of destruction of unusable ammunition and explosives:
FM 5-25, Engineer Field Manual; TM 0-1900, Ammunition.General;
O.O. 7224, Ordnance Safety Manual; SNL R-7; Training films; 5-270,
Explosives and Demolition, TNT; 5-271, Explosives and Demolition,
Nonelectric blasting equipment; 5-272, Explosives and Demolition,
Electric blasting equipment, 9-2007, Destruction of Unusable Am-
munition, Burning; 9-2008, Destruction of Unusable Ammunition,
Detonation; 9-2009, Destruction of Unusable Ammunition, Dumping
at sea; AR 55-470. • • •
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SECTION X.

MAGAZINE AREA

Chapter 1 . . , - . . ' • • .
Magazine Construction and Inspection •

GENERAL. The end of World War I found this country with tre-
mendous stocks of ammunition, powder, and bulk explosives. Proper
storage facilities were not available for this quantity of material, and
makeshift arrangements were found necessary. Among the early types
of storage, wooden buildings, open sheds, and even outdoor storage
with tarpaulin protection were resorted to. As might be expected, this
type of storage proved unsatisfactory in many ways.

Exposure to excessive heat and moisture accelerated deterioration.
Nonfireproof construction permitted an exterior fire to destroy and

explode the ammunition and explosives.
Lack of lightning protection caused a considerable hazard during

thunderstorms. — •
Nonbulletproof construction permitted accidental shooting into

magazine to set off some types of material so stored.
It is the purpose of this discussion to indicate the improvements

made as evidenced by modern construction of magazines.
There are at present two distinct types of magazines: the above

ground, and the underground or igloo. The tendency at new depots
under construction is to make all magazines of the standard under-
ground type.

ABOVE GROUND MAGAZINES.
Description. A typical modern above ground magazine has con-

crete foundation walls and piers. The walls are of hollow tile with or
without a sand filler. The sand filler is for the purpose of preventing
missiles from penetrating the hollow walls. The framework is of steel,
and the floor is of concrete which may be covered with a sparkproof
covering. A double pitched roof supported on steel trusses is used over
a ceiling of corrugated asbestos with fireproof rock-wool insulation.
The ceiling is attached to bottom chords of roof trusses.

It will be noted that the construction is fireproof. In addition, where
the type of storage warrants it, the hollow tile walls are filled with
sand to stop rifle bullets. This is especially important in storage of
items such as black powder.

The use of hollow tile walls comes as the result of observations
made at the scene of explosions in magazines. Often the radius and
extent of the damage was spread by missiles formed from the bricks
of which the magazines were constructed. The hollow tile construction
is expected to pulverize under the force of an explosion, thus prevent-
ing large missiles from being formed. • •
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SECTION XIII.

SURVEILLANCE — GENERAL

Chapter 1
Introduction

PURPOSE
The purpose of this bulletin is to provide a ready reference and

standard for the use of ordnance technical personnel, covering all
phases of surveillance activities in connection with ammunition, am-
munition components, and explosives procured, stored, and issued by
the Ordnance Department

SCOPE.
This bulletin gives general and specific information and instruc-

tions regarding surveillance problems connected with the normally
expected rate of deterioration; approved methods of control; methods
of securing and verifying information as to the immediate condition;
inspection of facilities used in connection with activities involving de-
struction of unserviceable units; and maintenance of ammunition,
ammunition components, and explosives at establishments under the
control of the Chief of Ordnance and in the hands of troops, but under
the general supervision of the Ordnance Department

This bulletin also covers duties of ammunition inspectors when
assigned to establishments under the control of the Chief of Ordnance,
service commands, ports of embarkation, the Army Air Forces, and
the overseas departments - . .

All mandatory requirements of this bulletin, in which the terms
"will" or "must" are used, will be complied with unless specific author-
ity to the contrary is granted by the Chief of Ordnance. The advisory
provisions, in which the terms "may" or "should" are used, will be
complied with wherever practicable, or unless modified by authoriza-
tion of the commanding officer.

GENERAL DEFINITIONS.
Surveillance. The observation, inspection, investigation, test, study,

and classification of ammunition, ammunition components, and ex-
plosives, with respect to their serviceability, hazard, and rate of
deterioration.

Safety. The planning, methods, activities, and resultant •condi-
tions, having to do with the receipt, inspection, handling, movement,
storage, surveillance, shipment, assembling, loading, renovation, main-
tenance, and destruction of ammunition, ammunition components, and
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explosives, in such a manner as to create the minimum practicable
hazard to life and property. . . . . .

Ordnance Establishment. An establishment under . the .direct
control of the Chief of Ordnance.

Munitions. A general term for all necessary war materiel, includ-
ing ammunition, ammunition components, and explosives.

Ammunition. Denotes all types of munitions, and components
thereof, used by troops in warfare, or training'therefor, which are de-
signed to cause destruction of life and property, or produce signals
incident thereto.-Ammunition may be placed, thrown, discharged from
weapons, or dropped, to reach desired point of functioning.

Chemical Ammunition. Munitions, or components, in which the •
filler, by means of chemical action on functioning, produces a toxic
or irritant effect on the body, a screening smoke, or an incendiary
action. .

Ammunition Component. Any part of a complete round of am-
munition; it is usually loaded (commonly called "live"), or it may
be inert (inactive).

Explosive. A chemical compound or mechanical mixture con-
monly used or intended for producing an explosive effect

Hazardous Materials. Ammunition, loaded ammunition com-
ponents, explosives, inflammables, and toxic substances.

Inflammable Substances. Highly inflammable liquids are those
which give off inflammable vapors at or below 80 F with a flash point
below 80 F; inflammable liquids are those which give off inflammable
vapors above 80 F with a flash point higher than 80 F. Inflammable
solids are those (other than explosives) which, under conditions inci-
dent to handling, storage, or transportation, are liable to cause fires.

Toxic Substances. Any liquid, solid, or gas which may, by con-
tact, produce a toxic or irritant effect on the body.

Class. A grouping of ammunition, ammunition components, or
explosives having like or similar storage hazards. •

' Lot. A quantity of one item of ammunition, ammunition com-
ponents, or explosives, manufactured or assembled in one plant from
raw materials or components of the same physical characteristics,
under uniform conditions, and meeting definite physical and chemical
requirements of War Department specifications and drawings.

Grand Lot. A group of lots of the same type of ammunition,
ammunition components, or explosives, having the same technical his-
tory: i.e., lots of the same manufacturer, manufactured at about the
same time and under like conditions and specifications, handled and
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stored under like conditions, and giving approximately the same range
of results in test and use.

. *

Magazine. Any structure used,for the storage of ammunition,
loaded ammunition components, or explosives.

Magazine Area. An area specifically designated and set aside for
the storage of ammunition, loaded ammunition components, or ex-
plosives.

Explosives Area. An area specifically designated and set aside
for the manufacture, loading, maintenance, renovation, salvaging, or
for otherwise handling ammunition, ammunition components, or ex-
plosives. NOTE: Small stocks of completed items, components, or raw
materials may be stored in, or shipped from an explosives area.

Operating Building. Any structure, except a magazine, in which
operations pertaining to manufacturing, processing, packing or ship-
ping of ammunition, ammunition components, or explosives are per-
formed.

Auxiliary Building. Any nonoperating building (including serv-
ice magazines) serving operating buildings, lines, or plants.

Service Magazine. Any magazine used for the storage of a
limited supply of ammunition, ammunition components, or explosives
to service an operating building, line, or plant.

Line. A succession of operating and auxiliary buildings along
which munitions move in process of manufacture and for assembly.

Plant. One or more lines, together with the necessary utilities
and buildings for shops, storage, administration, and other activities.

Ammunition Inspectors Workshop. A special building at an ord-
nance depot equipped and located to permit all normal surveillance
inspections to be made therein. The ammunition workshop at the
newer depots is constructed in accordance with approved ordnance •
drawing 19-3-559.

Popping. A term applied to the treating of empty or fired cart-
ridge cases for small-arms ammunition by exposure to heat, to insure
functioning of all contained primers prior to shipping as scrap.

Maintenance. The maintaining of stocks of ammunition, ammu-
nition components, and explosives in serviceable condition for imme-.
diate use. •

Reconditioning. Recurrent maintenance operations required from
time to time for the protection of the exterior surfaces of individual
units and/or packages of ammunition, ammunition components, and
explosives.

Renovation. Special maintenance operations required to renew
serviceability, and involving replacement of a component or group
of components in ammunition and, in some cases, ammunition com-
ponents. .
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Salvage. Operations involving the disassembly and/or unload-
ing of ammunition or ammunition components for the purpose of re-
covering from them all materials or components which are or may be
made serviceable, or which may have a value as scrap.

The foregoing definitions will be amplified and specific definitions
offered in pertinent sections of this bulletin, as required.

DATA USED.
The information contained herein is largely a compilation of rou-

tine and technical data based on many years of experience by field
and technical personnel of the Ordnance Department. Due to the very
nature of the subject, it is not possible to lay down hard and fast rules
for universal application, especially since climatic and storage condi-
tions play such a large part in the expected service life, and normally
expected rate of deterioration, of ammunition, ammunition compo-
nents, and explosives. It is, however, contemplated that this bulletin
will cover the general phases of surveillance problems and control,
although ordnance officers and technical personnel of ordnance estab-
lishments will, of necessity, be required to consider local conditions
of climate and storage in the application of this information to surveil-
lance activities. <

Among the data, references, and sources of information considered
in the preparation of this bulletin are the following:

1. Reports and records covering the surveillance of ammunition,
ammunition components, and explosives on file in the Office of the
Chief of Ordnance.

2. The Ordnance Safety Manual, O.O. Form No. 7224.
3. Ordnance Department Orders and Ordnance Department Safety

Bulletins pertinent to the subject.
4. Pertinent Army Regulations, Technical Manuals, Field Man-

uals, War Department specifications and drawings, Ordnance Ship-
ment and Storage Charts, Standard Nomenclature Lists, Ordnance
Field Service Bulletins, and other instructions issued by the Chief of
Ordnance.'

Chapter 2
Surveillance

GENERAL.
The term "surveillance" as used herein includes the observation,

inspection, investigation, test, study, and classification of ammunition,
ammunition components, and explosives in movement, storage, and
use, with respect to degree of serviceability and rate of deterioration;
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the inspection of the containers and buildings in which they are
stored; the inspection of facilities and methods used in handling, stor-
ing, shipping, manufacturing, maintaining, reconditioning, renovating,
salvaging, and destroying ammunition, to insure compliance with the
provisions of the .Ordnance Safety Manual, O.O. Form No. .7224; and
the preparation and maintenance of all technical data, reports, and
records, required by the above-listed activities. •

The objective of surveillance is to detect any increase in the
expected normal. rate of deterioration in ammunition, ammunition
components, and explosives; to determine the state .and nature of,,
deterioration and the degree of serviceability; to correct or control
storage conditions and handling methods affecting same; to detect
dangerous conditions affecting the serviceability and increasing the
hazards of storage and, use; and to segregate or destroy seriously un-
stable units, as required.
RESPONSIBILITY FOR SURVEILLANCE.

The Chief of Ordnance exercises general supervision over the
surveillance of all ammunition, ammunition components, and explo-
sives in storage and service; prescribes the technical methods of in-
spections, investigations, and tests; and maintains records of the con-
dition and serviceability of all lots in storage and service.

The commanding officer of an ordnance establishment is respon-
sible to the Chief of Ordnance for insuring that all ammunition, "am-
munition components, and explosives .at his establishment are sub-
jected to proper surveillance; that the results of surveillance observa-
tions, inspections, investigations, and tests are promptly reported; and
that the Chief of Ordnance is furnished a record by lot number of the
condition of all ammunition, ammunition components, and explosives
on hand. He is also responsible for seeing that the requirements of
the Ordnance Safety Manual are complied with, and that all instruc-
tions and recommendations from the Chief of Ordnance are promptly
acted upon. . . . . ' ' _
AMMUNITION INSPECTORS.

Ammunition inspectors are employees of the Ordnance Depart-
ment at large, who by virtue of their training and experience are quali-
fied to conduct observations, inspections, tests, and investigations to
determine the current degree of serviceability as affected by the -vari-
ous conditions of storage, handling, manufacture, maintenance, and
renovation of ammunition, ammunition components, and explosives;
to determine the degree of deterioration and hazards induced thereby;
to recommend to the commanding officer such methods of control
as may be required for the maintenance of approved standards; and
to keep the commanding officer advised as to the application of same.

The Chief of Ordnance appoints, prescribes training for, and.as-
signs ammunition inspectors to ordnance establishments and activities
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as required; when so assigned the ammunition inspectors are under
the administrative control and supervision of the commanding officer,

. but remain under the technical supervision of the Chief of Ordnance.
The ammunition inspector at an ordnance establishment or ac-

tivity where operations or conditions are of such magnitude as to
necessitate additional trained or technical personnel, will be supplied
with a sufficient number of ammunition inspectors, junior in grade, to
perform properly the duties assigned to his office and to receive
additional instruction and training in surveillance. <

DUTIES OF AMMUNITION INSPECTORS.
. - Duties normally performed by ammunition inspectors assigned to

ordnance establishments and activities are outlined herewith:
At an Ordnance Depot. .
1. Acts as a technical adviser to the commanding officer on all

matters pertaining to surveillance and safety in connection with am-
munition, ammunition components, a'nd explosives.

2. Conducts annual and routine observations, inspections, and tests
on all types of ammunition, ammunition components, and explosives.

3. Maintains and operates a surveillance laboratory, workshop, and
equipment, as required.

4. Conducts all special inspections, tests, or investigations in con-
nection with determination of quality, safety, or deterioration of
ammunition, ammunition components, and explosives in accordance
with instructions from the Chief of Ordnance.

5. Prepares and maintains accurate records of all observations,
inspections, investigations, and tests on depot surveillance record
cards (O.O. Form No. 5999), and such other records as may be
required.

6. Maintains file and index for all drawings and specifications cov-
ering ammunition, ammunition components, explosives, and methods
of packing and storing.

7. Inspects the vehicles carrying all incoming and outgoing ship-
ments of ammunition, ammunition components, and explosives for
presence of sabotage devices; property of closure, staying, and load-
ing methods; condition and serviceability of contents; and compliance
with existing instructions and regulations governing same.

0. Inspects dunnage used, and methods of storage of ammunition,
ammunition components, and explosives for compliance with specifi-
cations, drawings, and safety regulations.

9. Inspects all facilities and methods used in connection with stor-
age, handling, shipping (in accordance with paragraph 57 of. the
Ordnance Safety Manual), assembling, loading, maintaining, recon-
ditioning, renovating, salvaging, and destroying ammunition, ammu-
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nition components, and explosives for compliance with existing safety
regulations; corrects same, and reports necessity for action taken
where violations are found.

10. Makes formal monthly inspection of all magazines and build-
ings storing ammunition, ammunition components, and explosives (in-
cluding smokeless powder), to assure compliance with all standards
of storage, including inspection of surrounding areas for freedom from
fire hazards and other nonstandard conditions, and the taking arid
recording of maximum and minimum temperature readings; and
guards against the presence of nonstandard conditions conducive to
accelerating the normally expected rate of deterioration or creating a
hazard to the items in storage. The results of this inspection should
be made a matter of record, and the pertinent portions of the data
should be considered as pertaining to the technical history of the
items in storage.

11. Inspects and tests the lightning protection system in the maga-
zine and/or explosives areas, as prescribed in paragraph 30 d of the
Ordnance Safety Manual, and recommends repairs or improvements

•• to the system where necessary.
12. Conducts such acceptance and production tests as are required

to be performed at the depot in connection with assembling, loading,
or renovation operations; prepares such records and reports as may be
necessary.

13. Supervises selection of samples for shipment to proving
grounds or laboratories, for ballistic and surveillance tests or inves-
tigations, in accordance with specifications and special instructions
issued by the Chief of Ordnance. -

14. Supervises, guides, and trains junior ammunition inspectors,
maintains a general record of their progress and ability, and submits
semi-annual reports as to their progress and development in accord-
ance with current instructions issued by the Office of the Chief of
Ordnance.

15. Acts as an instructor in surveillance and safety to officers,
trainees, and depot personnel.

16. Acts as technical consultant in determining suitability and
serviceability of issues.

17. Maintains a data card file of all lots of ammunition, ammuni-
tion components, and explosives in storage.

18. Initiates and maintains proper correspondence, records, and
reports to cover all activities engaged in.

19. Acts as ordnance representative aboard Army transports dur-
ing loading and unloading of ammunition, ammunition components,
and explosives when performed through depot or local port facilities..

20. Performs such additional related duties as may be assigned by
the commanding officer; for example, he may be made responsible for .
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properly equipping the depot to handle chemical ammunition and for
the inspection and maintenance of that equipment, which includes
items of protective clothing. ,

At a Service Command. The following duties are suggested as
being within the capabilities and qualifications of the ammunition
inspectors assigned to duty at a service command:

1. To act as technical adviser to the commanding general, or his
designated assistant, on all' matters pertaining to surveillance and
safety in connection with ammunition, ammunition components, and
explosives.

2. To make inspections of ammunition, ammunition components,
and explosives (including explosives for submarine mines) and stor-
age thereof, as required at posts, camps, and stations, under the juris-
diction of the service command; to record and report on conditions
encountered, giving lot number and quantity.

3. To supervise allocation and preparation of ammunition for
training activities and expenditures.

4. To attend seacoast artillery target practices and maneuvers,
wherever possible, and supervise taking of cannon pressures where
required.

5. To supervise maintenance, modification, and renovation of am-
munition and components in accordance with instructions from the
Chief of Ordnance.

6. To investigate malfunctions of, and accidents attributable to,
ammunition, ammunition components, and explosives.

7. To maintain file of drawings, specifications, and regulations per-
taining to ammunition, ammunition components, and explosives.

8. To initiate reports and maintain files to cover above activities.
At an Overseas Department. The following duties are suggested

as being within the capabilities and qualifications of the ammunition
inspectors assigned to duty in an overseas department:

/. Duties are, in general, similar to those performed at both depot
and service command with increased responsibility for maintenance,
modification, loading, and renovation of ammunition, ammunition
components, and explosives, and greater'control over movement and
issue within the department.

2. To investigate causes of damage to, or deterioration of ammuni-
tion, ammunition components, and explosives.

5. To maintain record of magazine space available and act as
consultant in connection with the location and construction of new
magazines.

4. To act as ordnance representative on board Army transports
when loading or. unloading ammunition, ammunition components, or
explosives through department port facilities.
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5. To inspect ammunition, ammunition components, and explosives
for condition and serviceability upon arrival.

At a Port of Embarkation. The following duties are suggested as
being within the capabilities and qualifications of the ammunition in-
specters assigned to duty at ports of embarkation:

•L To act as technical adviser to the port ordnance officer on all
matters pertaining to, and facilities used in connection with, the
receipt, handling, storage, movement, stowing, loading, and bracing of
ammunition, ammunition components, and explosives.

2. To inspect condition and serviceability of ammunition, ammu-
nition components, and explosives upon receipt at, or movement
through, the port facilities.

3. To inspect all transportation facilities, including freight cars,
trucks, ships, etc., for suitability and compliance with existing instruc-
tions and regulations.

4. To inspect all incoming shipments for compliance with instruc-
tions contained in the Ordnance Safety Manual, Ordnance Depart-
ment Safety Bulletins, I.C.C. regulations and Bureau of Explosives
publications, state, municipal, and port regulations.

5. To act as ordnance representative aboard Army transports or .
commercial vessels when loading or unloading ammunition, ammuni-
tion components, and explosives through the port facilities.

6. To maintain such records as may be required to assure positive
identification and control of movement by type and lot. number of
ammunition, ammunition components, and explosives.

Al the Headquarters Army Air Force*. The following duties are .
suggested as being within the capabilities and qualifications of the
ammunition inspector assigned to duty at the Headquarters Army
Air Forces:

Jf. To act as technical adviser to the air ordnance officer on all
matters relating to the surveillance, storage and safety of ammunition,
ammunition components, and explosives.

2. To make periodic trips to the numbered air forces and Army
Air Force nontactical commands relative to matters pertaining to the
storage, maintenance; and surveillance of ammunition items required
by the Army Air Forces. To inspect ordnance storage areas and am- '
munition stored therein at various installations under the numbered
air forces or command.

3. To advise the air forces and commands of special inspections
or tests required on ammunition items as determined by the Office
of the Chief of Ordnance or the Air Ordnance Office. - •

4. To assist and guide junior ammunition inspectors assigned to
the Army Air Forces, and to maintain a record of .their progress and
ability for forwarding to the Office of the Chief of Ordnance in accord-
ance with existing instructions.
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5. To perform such additional duties as may be assigned by the
air ordnance officer.

At a Numbered Air Force or Army Air Force Nonlartical Com-
mand. The following duties are suggested as being within the
capabilities and qualifications of the ammunition inspector assigned
to duty at a numbered'air force or Army Air Force nontactical
command: . • . .•

1. Acts as technical adviser to the ordnance officer on all matters
pertaining to the surveillance, storage, and safety of ammunition,
ammunition components, and explosives.

2. Makes periodic inspections of ammunition, ammunition com-
ponents, explosives, and storage thereof, at air bases, flying schools,
and other stations under jurisdiction of the Army Air Forces, as re-
quired by TM 9-1900, chapter 3, section III, "Inspection and Surveil-
lance"; recommends necessary action to correct any unsatisfactory
conditions noted.

J. Reviews reports received from the field, such as malfunction
reports and ammunition condition reports; conducts investigations
when required, and forwards complete reports with recommended ac-
tion to the Air Ordnance Office, Headquarters Army Air Forces.

4. In instances where field modifications or renovation of ammuni-
tion items is authorized by higher authority, recommends methods to
be employed from a safety standpoint and supervises the work where
feasible.

5. Conducts special inspections, tests, and investigations relative
to ammunition items used by the Army Air Forces in accordance with
instructions from the Air Ordnance Office.

6. Performs such additional duties as may be assigned by the
ordnance officer.

SURVEILLANCE LABORATORIES, WORKSHOPS, AND EQUIP-
MENT. .
Surveillance laboratories have been established at certain of the

older depots and overseas departments; these laboratories were usu-
ally provided with the required equipment for performing the 65.5 C
and 135 C heat tests and with such accessory apparatus needed for
analytical or other prescribed tests of smokeless powder and explo-
sives. In addition, these depots normally have a building set aside for
a surveillance workshop, wherein all surveillance activities pertaining
to disassembly or assembly, observation, inspection, and investigation
of ammunition and ammunition components are carried out The
newer establishments are not being provided with a laboratory but
are provided with a modern inspector's workshop (drawing 19-3-559,
file 43), wherein the surveillance activities in connection with routine
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and special inspections and investigations may be performed effi-
ciently and safely.

Each depot or department is required to be equipped with all
tools (regular, special, and safety) and equipment necessary to per-
form all surveillance activities. The equipment is usually manufac-
tured locally or procured from commercial sources and modified,
where necessary, to fit the requirements of the operation, although
certain items of equipment, such as those for disassembly and assem-
bly, scales, etc., have been standardized and are procured through
ordnance channels.

Safety tools are required where the use of tools made of steel or
iron would create hazards, beyond the design of the ammunition or
ammunition components, by introducing the possibility of sparking.
Safety tools are usually nonferrous, being mostly made of wood, alu-
minum, brass, bronze, copper, fiber, or commercial beryllium composi-
tions retaining, under normal usage, the nonsparking property, but
designed to give additional strength. The recognition of the safety
tool principle in commercial industry has .resulted in the design of
many tools which are readily adaptable to ordnance requirements.

1 The ammunition workshop should be equipped with the types of non-
sparking tools required for the proper performance of all surveillance
activities.

SURVEILLANCE INSPECTIONS AND TESTS.
Surveillance inspections and tests are performed primarily for

the purpose of detecting any increase in the normally expected rate
of deterioration, the current condition or degree of serviceability, and
any increase in the normal hazards of the ammunition, ammunition
components, or explosives under observation. These inspections and
tests are in two groups, those usually performed in the field at the
place of storage and those performed at a ballistic or chemical labora-
tory. All are performed in accordance with instructions issued by the
Chief of Ordnance.

Routine surveillance inspections and tests 'performed in the field
are limited in scope by the requirements for accuracy and equip-
ment. A detailed description of these tests as regards requirements,
equipment and methods will be found in other pertinent sections of
this bulletin. In general the inspections and tests in this group com-
prise the following:

1. The N/10 methyl violet paper test of bulk smokeless powder.
2. The N/10 methyl violet paper test and inspection of smokeless

powder propelling charges, and air test of certain types of containers.
3. The annual surveillance inspection of separate loading projec-

tiles, fixed and semifixed ammunition, trench mortar ammunition,
grenades, bombs, ammunition components, pyrotechnics, small-arms
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ammunition, bulk explosives, black powder charges, black ammuni-
tion, mines, and demolition materiel:

4. The semiannual inspection of chemical ammunition.
5. The monthly magazine inspection, including the magazines and

surrounding area, and the storage of ammunition, ammunition com-
ponents, and explosives. . . .

6. Such additional inspections and tests as may be required as a
result of those listed above.

7. The semiannual visual inspection and the annual electrical test
of the lightning protection system. NOTE: One of the semiannual
visual inspections is normally performed at the time of the annual
electrical test.

8. Inspections of incoming and outgoing shipments.
9. Inspections of magazine area activities.
10. Such additional routine-type tests and inspections as may be •

prescribed by the Chief of Ordnance or necessitated by local condi-
'tions. .

Special tests, observations, inspection, and investigations may be
prescribed by the Chief of Ordnance, as required. These may neces-
sitate disassembly of complete rounds of ammunition or components.
Complete and detailed instructions as to object, method, and special
equipment required, will be furnished in each case.

Special ballistic and functioning tests and investigations on am-
munition, or ammunition components may be ordered by the Chief
of Ordnance, as required. These tests or investigations are usually
performed at Aberdeen Proving Ground, under the supervision of
Ballistic Research Laboratory personnel, and are regulated by perti-
nent Ordnance Surveillance Manual pamphlets of the numbered
series, as to operations, classification, and grading.

Special chemical tests or investigations may be prescribed by the
Chief of Ordnance for ammunition, ammunition components, and ex-
plosives. These are usually performed at the Picatinny Arsenal in
accordance with standard arsenal procedure.'

Chapter 3
Surveillance Records and Reports. .

ROUTINE RECORDS, DEPOT.
The routine surveillance records normally installed and maintained

by the ammunition inspector are those which may be readily estab-
lished and maintained by routine information gathered from local
sources and generally consist of:
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/. Surveillance data card file, which includes a copy of the data
card for each lot of ammunition, ammunition components, and explo-
sives in storage, filed according to caliber or type. This file is a valu-
able reference and source of information in connection with both
routine and special inspections and investigations of lots under ex-
amination. The contained information is in convenient form and is,
ballistically, the foundation of the technical history of the lot. The
data cards may be received as inclosures to shipping documents cov-
ering incoming shipments, or may be secured, in certain instances,
from standard packages. Should it be impossible to secure a copy
of a data card for a lot in this manner, the required data may be
secured from the Office of the Chief of Ordnance upon application.
Any variation or error noted in data cards as a result of surveillance,
or other activity should be reported to the Chief of Ordnance and
to the War Reserve Surveillance Section, Aberdeen Proving Ground,
Maryland, in order that the master files may be corrected. Should a
lot become exhausted, the data card should be retained in a dead file
for a period of one year for possible future reference. If the shipment
is made to another depot, the data card will be forwarded to that
depot for inclusion in the data card file there.

2. Depot surveillance record file which is compiled on O.O. form
No. 5999, from data taken from the lot data card in conjunction with
inspection upon arrival or storage. The front of the card contains
space upon which are entered the nomenclature, manufacture, lot,
and all available pertinent data concerning components, finish, date
of arrival, number of units received, etc. All possible information will
be entered in the spaces provided. The reverse side of the card is
used to record results of all inspections, tests, observation, investiga-
tions, or unusual occurrences pertaining to the lot, by date and name
of person performing the operation. The data is taken from the vari-
ous local forms used as worksheets in connection with the perform-
ance of the operations involved. A notation as to suspension of the lot,
when such action has been ordered by the Chief of Ordnance, should
be noted properly on this record, together with file number of author-
ity for such action. This record is a continuation of the technical his-
tory of the lot and every effort should be made to maintain it prop-
erly. The information contained in this file may be readily utilized in
connection with the submission of estimates to cover maintenance,
reconditioning, or renovation activities. Sample of Form 5999 is shown
in figure 329.

3. Maximum and minimum temperature records are taken and re-
corded to cover the temperature range of various representative types
of magazines and the atmospheric temperature in the shade. These
readings may be secured by means of Sixe's type of recording ther-
mometers, and the information, together with a record of any abnor-
mal meteorological conditions, forms an additional-and invaluable
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part of the technical history of the lot of ammunition, ammunition
component, or explosive, and should be so included when compiling
the records.

4. Such additional records as may be required to meet local con-
ditions of a routine nature. . -

SPECIAL RECORDS, DEPOT.
The special surveillance records normally installed and maintained

by the ammunition inspector are those which are established and
maintained as the result of information required for, or gained from,
local sources, and are based on special observations, inspections, tests,
and investigations prescribed by the Chief of Ordnance, or necessi-
tated by local conditions of climate or storage. They generally consist
of the following:

1. N/10 methyl violet paper test and inspection records compiled
as a result of the performance of this test and inspection on bulk
smokeless powder, and on smokeless powder propelling charges, in ac-
cordance with instructions of the Chief of Ordnance as contained in
OFSB 3-13, and changes thereto, and special instructions contained
in correspondence on the same subject. This test, plus the air test of
certain types of propelling charge containers, conducted in accordance
with instructions contained in-paragraph 100 a of the Ordnance
Safety Manual, is the basis of much valuable information applicable
to the technical history of the lot involved. In addition to the required ,
report, a copy of which is considered essential for this record, a brief
notation of test results should be noted on the depot surveillance .
record card for the individual lot.

2. Annual surveillance inspections and tests of all types of ammu-
nition, ammunition components, and explosives ( or semiannual in the ,
case of c.hemical ammunition), will ordinarily be recorded on local
forms. Data concerning the propelling charges of fixed and semifixed
ammunition will be recorded on O.O. Form 5990-A. The resulting
data should be compiled and recorded on the depot surveillance
record card pertaining to the lot in question and* become a part of the
technical history of the lot. Sample of Form 5990-A is shown in figure
330.
3. Special surveillance inspections, tests, and investigations pre-

scribed by the Chief of Ordnance will be recorded on local forms in
order that the required information may be secured. The desired data
will be compiled and entered, when applicable, on the depot surveil-
lance record card, pertaining to the lot in question, and as such, will
become a portion of the technical history of the lot.

4. Additional surveillance inspections, tests, and investigations, may
be required to secure desired data, or as the result of unfavorable
nonstandard conditions in connection with all ammunition activities.
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SOUTHEASTERN ORDNANCE DEPOT
" ' MAINESHIRE, NBW PEHNSTJJORNIA

DEPOT SURVEILLANCE RECORD
i-aircraft, Me.

Date «c«r«d IgU Q-o«Uty
1Q1

•O

-O

2

Packed _ t̂ .5 .̂?«^̂ ^

Painted and Marked .....

Grmde. _ d,,, _ 4 Smokeless Powder Mfr..

2jc.aaokeless Powder' \fith OP without Component*
_ ——„__...——-— - -ffvzed or nnfuted
With or without / .u_ _..!./..«

Adapter and BooaUr——?/.?-.

Type of Base ————'•——=-=•

wed or nnfuzcd CJ fu"8"1 . . MC. 116M2A1, Dwg .82-1-1111show mark or model number) 22l.*££——.*——»—————-

______ Type of Band ——

Type of Closing Plug ——*S&———————— Protective Coating
Backed 1 per fiber container M980; 24 containers

Remark* iT————-.-———— •————————— •

RA PD 44471

Figure 329 — Sompl« O.O. Form 5999—Front

•o
5m

DATE

16 Aug. 42

30 June 43

BY WHOM

J.A.D.,Jr.

J,A,D.,Jr.

RECORD OF INSPECTION'S
Percentage inspection of incoming shipment; 72 grenades in 3 boxes
inspected; no defects; resealed as original packing. CONDITION 1
Annual surveillance inspection; 96 grenades in 4 representative boxes;
slight spot of corrosion on head of one fuze due to handling during
assembly; otherwise no defects visible; sealing good condition; re-
sealed as original package. CONDITION 1

.

• • —«———••«••«"«••• »— «••

KA W 44471

FFgwr«> 330 — Sonpre O.O. Form 5999—fttvtrs*
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These may be as authorized by the commanding officer, based on re-
quirements of the situation encountered. Ordinarily they will be of a
percentage nature in order to secure sufficient data upon which a re-
port of the situation encountered may be forwarded to the Chief of
Ordnance for decision as to final action to be taken. The data gath-
ered in connection with this tyoe of inspection will be recorded on the
depot surveillance record card pertaining to the lot in question and,
as such, become a portion of the technical history of the lot.

5. A record should be maintained of all methods, facilities, and
necessary local safety regulations, employed in connection with all
maintenance, reconditioning, renovation, assembling and loading, sal-
vaging, and destruction operations involving ammunition, ammunition
components, and explosives. This record should include, where prac-
ticable, pictures and sketches of special tools, equipment and methods
for future reference.

6. Safety inspections made of all operations involving ammunition,
ammunition components, and explosives, should be made a matter
of record. This record should include reports of safety violations,
where found, together with recommendations for correction and rec-
ord of action taken.

7. A record index and file should be maintained of all War De-
partment drawings, specifications, arfd publications covering ammuni-
tion, ammunition components, explosives, and methods of packing,
shipping, and storing same.
ROUTINE REPORTS, DEPOT.

The routine surveillance reports normally prepared by the am-
munition inspector are those which are submitted to cover all routine
activities in connection with ammunition, ammunition components,
and explosives and generally consist of the following:

1. Monthly report of activities which will be prepared as of the
last day of each month by the ammunition inspector and will cover all
activities of the surveillance force during the month. This report
should be made in narrative form and contain a brief statement con-
cerning each activity together with such pertinent comment on prog-
ress, difficulties encountered, corrective action taken, and independent
expression of opinion, especially on technical matters, as may be re-
quired to present the complete picture of the status of surveillance
activities. The report should contain a running record of all ammuni-
tion inspector personnel changes during the period covered; all un-
corrected violations of safety and storage regulations; and, as inclo-
sures, a chart covering the daily maximum and minimum temperature
readings of the atmospheric temperature and of a representative mag-
azine of each type. The report will be addressed to the Chief of Ord-
nance, through the commanding officer, who will forward it to the
Chief of Ordnance by indorsement
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SURVEILLANCE.GENERAL
AMMUNITION: SURVEILLANCE MANUAL

C.B. Reg. No. 04-339-FA-OC
TESTS OF SMOKELESS POWDER

Pyro

Bulk........... Purge...——... Fl*ed •nun............ Lot No..?.!.* 1. A354-1

DAT* «u* 0. DATS

July
1941 198

1

//> /7
Signed .dL:CS.&&f?_

VISUALLY DETERIORATED DRAINS
Simple % Sample %

l-.OO 7-
J-.OO 8-
8 -.00 »_
4- 10 -

/ « - 11 -.
*> 6 - u -
!*• lmmm*t~

Depot —.HftwaA4«i.Qr<taftocs..... AyetMe: -00

Sample of report submitted on 0.0. Form 5990-A,
covering field surveillance inspection of fixed

ammunition.

00. Form MM-A C.B. fleg. No. 07-343-FA-OC
TESTS OF SMOKELESS POWDER

C.1,-3-"--™---. Mfr._Herc.___ Powder lot__.A586-:i9.42
Cut 226

Bulk.

DATE M.S* O. DATS

5/10/43 198

-Vlr 7 9.
tl.n.J X/. V - V*C-Xx^^^<

VISUALLY
Sample

/. -

.... . ix» no. __ ......

DETERIORATED DRAINS
% Swnple %

1 -
8-

1 lO-
ll ~

XmmiiMn liumUr.

Depot - . . JPica.Unny. Arsejml. . Averse:

Sample of report submitted on 0.0. Form 5990-A,
covering Arsenal report of 65.5° C. test results.

RA rO M4HA

Figure 331 — Sample Reports Submitted en O.O. Form 59904
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2. The semiannual report of progress and development of ammuni-
tion inspectors is submitted in the original only, with all from one
establishment as inclosures to a single cover letter, as of the last of
January, and July of each year, and on a form which was specifically
designed to cover the important points in the development of all well-
trained ammunition inspectors. The report is prepared by^the am-
munition inspector in charge to cover each ammunition inspector
under his supervision and submitted through the commanding officer
for review, comment, and recommendation, in indorsing the report to
the Chief of Ordnance. The report covering the ammunition inspector
in charge is prepared by direction of the commanding officer and for-
warded at the same time. Sample of desired type of report is shown
in figure 332.

3. Report of N/10 methyl violet paper test of bulk smokeless pow-
der and separate loading propelling charges will be submitted in
accordance with instructions of OFSB 3-13, changes thereto, and spe-
cial instructions contained in correspondence on the same subject

4. Report of annual surveillance inspection of propellent charges
in fixed and semifixed ammunition will be submitted on O.O. Form
No. 5990-A.

5. Report of monthly magazine and storage inspection will be sub-
mitted to the commanding officer to cover all violations of safety
regulations, area, building, storage, and material deficiencies affecting
ammunition, ammunition components, and explosives; together with
recommendations for correction, or statement of corrective action In-
augurated or completed. This report is usually in brief narrative form
and covers defects only.

SPECIAL REPORTS, DEPOT.
The special surveillance reports normally prepared by the ammu-

nition inspector are those which are submitted to cover special activi-
ties in connection with ammunition, ammunition components, and
explosives, and normally consist of the following:

1. Report in narrative form prepared upon the completion of all
activities in connection with maintenance, reconditioning, renovation,
assembling, loading, and salvaging and destruction operations involv-
ing ammunition, ammunition components, and explosives. This report
should cover all pertinent phases of the operations, including pictures
and sketches where practicable; and special emphasis should be given
to nonstandard materiel encountered, and local safety regulations
enforced during the operations. Facilities devised locally, and methods
of operation, together with such comments of a technical nature as
are of general interest, should be included.

2. Reports of renovation,-assembling, or loading activities will be
accompanied by an ammunition lot description sheet for each lot of
ammunition involved.
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3. Reports of special inspections, observations, tests, and investi-
gations of ammunition, ammunition components, and explosives per-
formed in accordance with instructions of the Chief of Ordnance may
include, in addition to the data called for, comments, or such addi-
tional information gathered during the operations that may pertain
to the objective, or aid in clarifying the results obtained.

4. Ammunition condition reports submitted to cover unserviceable
ammunition, ammunition components, and explosives in accordance
with existing regulations.

5. Report of acceptance test, covering lots of ammunition loaded
or assembled locally, and requiring local acceptance test, prepared
and submitted as directed by the Chief of Ordnance.

6. Special activities reports to the Chief of Ordnance may be sub-
mitted to transmit data specifically requested, or as necessitated by
special local occurrences, such as damage from natural phenomena,
receipt of damaged items, dangerous conditions, etc. These reports
are usually in letter form, either basis or by indorsement, although
other forms may be used if deemed essential to presentation of the
data.

RECORDS, SERVICE COMMAND AND DEPARTMENTAL.
Records pertaining to ammunition, ammunition components, and

explosives in a service command or overseas department may, in gen-
eral, be divided into three categories, namely:

1. Service command or departmental.
2. Depot, or reserve storage area.
3. Post, camp or station.
NOTE: These three classes are generally separate, the service com-

mand or department records being maintained in service command or
department headquarters; the depot records in the administrative or
the magazine section office of the depot; and the post, camp or sta-
tion records, which may be considered as including all appropriate
records pertaining to items in the hands of organizations or in central
storage at that location, in the local ordnance office. In most instances
the information contained in the records of categories (2) and (3),
above, are the records on which those in category (1) are based.

Local conditions may require special forms or possible adaptations
of standard forms and types of records in service commands and
departments. The standard records normally maintained include the
following:

1. Surveillance data card file.
2. Depot surveillance record file.
3. N/10 methyl violet paper test and inspection records.
4. Annual surveillance inspection of ammunition, ammunition
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STATION: HAIRISHIM, Ml NWaiUOMtt

C.B. Feg. Mo.
07-176-FA-OC

rili.»l Doe, John A., Jr. Mat 31 JalT W3

SSiJECT: Report of AMwlllon Inepector't Progreu end Dc»elepo*ot.
Chief of Ordnenc*. fer Depertownt. Weehlngten. D.C.
Attention: SPOFA - SivrellUnce SectionTV.

TUN, Ca^mllm Officer_________
(Nan* of Ordnance Officer Reviewing Report)

1. Reptrl U hereVr nbnltted to cover It* I- ... « .„ ._ «__.inm iMMctor. CAI
r wWUt«4 !• ee*er Ike (retrtM end ttnl
Umltlon IiupMtor. CANS; UjOO p7«

(Hem. Gn4<. ml Selerr)

for Ibe period tre« ?0 April t« . W4-L-.

k. Indlcete degree of: (Ote vonb Enellont, Ooed, Hedlv,
~ or OoutMtcloiT)

(1) FMlllerltr with eftlfmd dutln
2) Techfllal kMVlHie of S.fetr RefiUtlem
(a) Teclmlcil knovledte of Sur.«lll«ne.
(4) Pracddl Inawledie of eeti»it!«I

.....
...OWBd.,

c To what degree it the Inprelor: (use words Eicellent, Oood.
~ Medina), or fnsatisfactorv)

(I) •——""- .. "*?eU««*.

!iiIObservont
Able to sake ohtervatloM or teggeitloM
without cavelng wtdae friction

(4) Able to tranilate written Inunctions,
hive-print data. etc.. to practical
application.

d. To whet degree dace the Inspector dtaplajn (8s* words
~ Eicellent. Good. Hediw*. or Onutlefectorr)

(1) Initiative
(2) Abilitr to give orders and have then

imctarttj,
[I) Prectlcel Originality
4) Abllltv to absorb training and knowledge

IS) Cooperation with colleagmt
(8) Interest ia his personal appearance

Mitt Selective Service Stelae - - »-F
(Over)

...SM*..

RA PD oMTJA

Figure 332 — Sample Report Submitted on Form 42-10471—
Front
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*. !• he conldered cepeble of peitomlot the dvtlee
~ of the neit higher grade (enner 'fee' or 'no->.

f. Pertlont coewente or reettrke *ot conrod than or
~ In explnnotlon of ratlogi wde ebore.

Hr. Doe h«e the neldnie of in excellent Inepeetori ho
Ucke inlllellve. Belnlr beceu.e of leek of frith In hie

Mo lo helm rtron the trolnlm neeeeeerr to
> CAF-o

, JIUaP»**l*» "• *• g»*nn K*TW wrp ^•fc».»».» «»»•••»»»..
correct thin feult. Mr. Doe wne promoted to Orede I— .
en 1 Julr 19fc3 erel will net be elltible for ndalUonnl
pronatton until 1 Jenuer/ 19U, providing he correcteTKe
tendency coe»ontej upon ebore.

r'repered bri

Atooe. Howl Aeewiltlon Innpoetar

APPROVB):

Col., Ord. Dept.
Cow«eMlng

RA PD M47*

Figure 333 — Sample Reporf Submitted on Form 42-10471—
Reverse
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components, and explosives, including mine explosives stored at coast
artillery posts.

5. Safety inspection records.
6. Record index and file of drawings, specifications, and publica-

• tions pertaining to ammunition, ammunition components, and explo-
sives.

7. Records of functioning and performance in training on function
firings.

8. In addition, such special records as may be required to assure
constant accurate references for preparation of reports, submission of
requisitions, or establishment of allowances within the jurisdiction of
the service command or department.

REPORTS, SERVICE COMMAND AND DEPARTMENTAL.
The reports normally submitted by the ammunition inspector in-

, etude those described for Routine Reports, Depot, where applicable;
and Special Reports, Depot; the annual report of inspection of ex-
plosives for submarine mines, including both TNT and fuze caps, will
be submitted on O.O. Form 7452 as directed in paragraph 56 g of
TM 4-220.

REPORTS, ARMY AIR FORCES.
The reports submitted by the Army Air Forces, as prepared by

the ammunition inspector, to the Office of the Chief of Ordnance,
through channels, will include those described for Routine Reports,
Depot; Special Reports, Depot, where applicable; and reports as re-
quired by the air ordnance officer, Army Air Forces.
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•aa*
Accident* •

motor carrier transportation... 877
treatment for burns (incendi-

aries) . . . . . . . . . . . . . . . . . . . . 695
Adamsite . . . . . . . . . . . . . . . . . . . . . 172
Adapter booster M102 . . . . . . . . . . 569
Adapter booster M11S . . . . . . . . . . 569
Adapter booster Mk. HA . . . . . . . . 524
Adapter booster Mk. Ill . . . . . . . . 401
Adapter booster Mk. IHA . . . . . . . 495
Adapter booster Mk. IIIAM2 . . . . 496
Adapter booster Mk. IVB . . . . ; . . 401
Adapter booster Mk. IVM1 . . . . . 401
Adapter booster Mk. VIB . . . . . . . 497
Adapter boosters

ammunition for
75-mm weapons . . . . . . . . . . . 399
1 SS-mm weapons . . . . . . . . . . 495

destruction of shell fitted with.. 768
Adapters, projectile, description.. 19
Adapter cluster AN-MIA1 . . . . . . 662
Adapter cluster Ml . . . . . . . . . . . . 658
Adapter cluster M2 . . . . . . . . . . . . 661
Adapter cluster M3 . . . . . . . . . . . . 664
Alcohol, introduction into TNT.. 133
Amatol

description and properties..... 113
exudation (shells loaded with). 132
high-explosive loading

casting method . . . . . . . . . . . . 147
extrusion method (80/20

amatol) . . . . . . . . . . . . . . . . 150
. general description . . . . . . . . . 147
introduction of impurities by

ammonium nitrate . . . . . . . . . 134
manufacture . . . . . . . . . . . . . . . . 113

Ammanol (See Shell, fixed, H.E.,
M58 (ammanol)) .

Ammonium nitrate, introduction of
impurities in a m a t o l . . . . . . . . . . 34

Ammonium picrate (See Explosive
D ( ammonium picrate) )

Ammunition
definition . . . . . . . . . . . . . . . . . . . 7
fixed, semifixed, and separate

loading . . . . . . . . . . . . . . . . 20
lot number . . . . . . . . . . . . . . . . . 6
trench mortar ammunition..... 272
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Ammunition (See alto Small-arms
ammunition, Artillery ammuni-

tion, and under specific nonwn-
cfafures)

Ammunition Inspectors . . . . . 902, 903
Arming wire

aircraft bombs . . . . . . . . . . . . . . 557
general purpose bombs.. . . . . . . 571

Armor-piercing ammunition
description and use....... 179, 185
(.Set also under specific

nomenclatures)
Armor-piercing projectiles....... 16
Army air force reports. . . . . . . . . . 920
Artillery ammunition

painting . . . . . . . . . . . . . . . . . . . . . 15
primers . . . . . . . . . . . . . . . . . . . . 20
projectiles . . . . . . . . . . . . . . 8 ,11,15
propellent charge explosive

trains . . . . . . . . . . . . . . . . . . 122
safety regulations . . . . . . . . . . . . 21
shape . . . . . . . . . . . . . . . . . . . . . . 10
tactics . . . . . . . . . . . . . . . . . . . . . 8
types of . . . . . . . . . . . . . . . . . . . . 20
(See also Artillery fuses and

under fpecilic nomen-
clature)

Artillery ammunition (3-inch guns)
antiaircraft guns . . . . . . . . . . . . . 437
field guns . . . . . . . . . . . . . . . . . . 459
seacoast guns . . . . . . . . . . . . . . . 454
tank and antitank g u n s . . . . . . . . 459

Artillery ammunition (4.5-inch
g u n s ) t . . . . . . . . . . . . . . . . . . . . . . 486

Artillery ammunition (4.7-Inch
AA guns) . . . . . . . . . . . . . . . . . . 484

Artillery ammunition (14-inch
guns) . . . . . . . . . . . . . . . . . . . . . . 529

Artillery ammunition (20-mm)... 323
Artillery ammunition (37-mm)

37-mm automatic gun M4 (air-
craft) . . . . . . . . . . . . . . . . . . 360

37-mm guns . . . . . . . . . . . . . . . . 331
Artillery Ammunition f40-mm

Gun Ml) . . . . . . . . . . . . . . . . . . 363
Artillery ammunition f S7-mm) ... 380
Artillery ammunition (75-mm)

75-mm guns . . . . . . . . . . . . . . . . . . 382
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A—Cont'd '•«•
Artillery Ammunition (7S-mm)—Cont'd

75-mm howitzers . . . . . . . . . . . . 425
peck and field howiUer*...... 436

Artillery ammunition (90-mm) ... 462
Artillery ammunition (lOS-mm)

Kunt . . . . . . . . . . . . . . . . . . . . . . . 469
howitzers . . . . . . . . . . . . . . . . . . . 471

Artillery •mmtinition (155-mm
weapons)

adapter boosters and boosters.. 495
base covers . . . . . . . . . . . . . . . . . 502
complete round data . 514, 518, 521
fuzes . . . . . . . . . . . . . . . . . . . . . . 497
packing for storage and ship-

ment . . . . . . . . . . . . . . . . . . . 510
pointing, marking, and weight

zoning . . . . . . . . . . . . . . . . . 504
' projectiles .................. 493

propelling charges . . . . . . . . . . . 505
Artillery ammunition (240-mm

howitzers) . . . . . . . . . . . . . . . . . . 522
Artillery fuzes

classification ................ 320
definition of terms. . . . . . . . . . . . 320
forces available to cause func-

tion . . . . . . . . . . . . . . . . . . . 321
historical data . . . . . . . . . . . 17,319
safety features . . . . . . . . . . . . . . 322

Assembly drawings
complete-bomb assembly...... 36
complete-round assembly . . . . . 36
component assembly . . . . . . . . . 35
loading assembly . . . . . . . . . . . . 36

Ball ammunition
use of . . . . . . . . . . . . . . . . . 179,185
(Sea afro under specific nomen-

clature*)
Ballistlte, description . . . . . . . . . . . 96
Base covers, 155-mm H.E. shell.. 502
Base plates '(projectiles), descrip-

tion . . . . . . . . . . . . . . . . . . . . . . . 14
Belt links, metal l ic . . . . . . . . . . . . . 187
Black powder

control of the burning rate.. . . . 74
description of charges. . . . . . . . . 76
destruction . . . . . . . . . . . . . . . . . 773

Fee*
discontinuance - as a propelling

charge . . . . . . . . . . . . . . . . . 75
fires . . . . . . . . . . . . . . . . . . . . . . . 78
grades and uses . . . . . . . . . . . . . 72
historical and manufacturing

data . . . . . . . . . . . . . . . . . . . M
packing and marking. . . . . . . . . 77
products of combustion........ 75
safety precautions . . . . . . . . . . . 79
storage and shipping.. . . . . . . . . 77
storage in magazine area . . . . . . 790
surveillance and maintenance.. 78
uses of . . . . . . . . . . . . . . . . . . . . . '75

Blank ammunition
description and u s e . . . . . . . . . . . 179
guns

3-inch . . . . . . . . . . . . . . . 452,461
3 7 - m m . . . . . . . . . . . . . . . . . . . . 343

howitzers (105-mm) . . . . . 482,483
(See also under speeMc nomen-

e/afures)
Blasting, use of TNT. . . . . . . . . . . 101
Blasting machines . . . . . . . . . . . . . 762
Blending (smokeless powder).... 87
Boat-tail (projectiles) . . . . . . . . . . 14
Booby traps

description . . . . . . . . . . . . . . . . . 240
firing devices . . . . . . . . . . . . . . . . 241
psychology of use and types of 241
use of 2.36-inch AT rocket M6 261

Booster holder assembly, B.D. fuse
M66 . . . . . . . . . . . . . . . . . . . . . . . 399

Booster M2 (and M 2 1 A 1 ) . . . . . . 496
Booster M20 (and M20A1)

401.456,469,473
Booster M22 . . . . . . . . . . . . . . . . . 473
Booster M23 . . . . . . . . . . . . . ; . . . . 444
Booster M104, auxiliary.. . . . . . . . 569
Booster Mk. X . . . . . . . . . . . . . . . . 444
Booster, mine, antitank, H.E., M4. 267
Boosters

ammunition for
75-mm guns . . . . . . . . . . . . . . 399
155-mm weapons . . . . . . . . . . 495

description . . . . . . . . . . . . . . . . . 19
destruction by

burning . . . . . . . . . . . . . . . . . . 755
detonation ................ 770

INDEX
-vfl
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B—Coitt'd ••«•
Boosters — Cont'd

high-explosive trains . . . . . . . . . 125
(See tho Adapter boosters)

Bore safety, definition o f . . . . . . . . 322
Bourrelet (projectiles), description 11
Boxed ammunition . . . . . . . . . . . . 853
Boxed lading . . . . . . . . . . . . . . . . . 833
Brisance (explosives)

definition of . . . . . . . . . . . . . . . . 68
high-explosive trains . . . . . . . . . 125
high explosives . . . . . . . . . . . . . . 98

Brombenzylcyanide . . . . . . . . . . . . 172
Bullets, small-arms ammunition

description . . . . . . . . . . . . . . . . . 185
tabular data

cal. .30 ammunition........ 203
cat. .45 ammunition... . . . . . 217
cal. .50 ammunition........ 217

Bundled ammunition . . . . . . . . . . . 843
Burster MS . . . . . . . . . . . . . . . . . . 473
Burster M6 . . . . . . . . . . . . . . . . . . 497
Burster MS . . . . . . . . . . . . . . . . . . 426
Burster casing M6.............. 426
Burster charge M l . . . . . . . . . . . . . 290
Bursting charge

chemical shell . . . . . . . . . . . . . . . 128
fragmentation hand grenade

Mk. V . . . . . . . . . . . . . . . . . 234
high-explosive trains . . . . . . . . . 125
projectile M6S .............. 487
use of TNT . . . . . . . . . . . . . . . . 100

Bursting charge explosive trains
high explosives . . . . . . . . . . . . . . 125
low explosives . . . . . . . . . . . . . 122

Bursters, destruction . . . . . . . . . . 770
Bomb, armor-piercing, 600-pound,

M62 . . . . . . . . . . . . . . . . . . . . . . . 613
Bomb, armor-piercing, 800-pound,

M61 . . . . . . . . . . . . . . . . . . . . . . . 613
Bomb, armor-piercing, 900-pound,

M60 . . . . . . . . . . . . . . . . . . . . . . . 612
Bomb, armor-piercing, 1,000-

pound, AN-Mk. 3 3 . . . . . . . . . . . 620
Bomb, armor-piercing, 1,000-

pound, M52 . . . . . . . . . . . . . . . . . 612
Bomb, armor-piercing, 1,400-

pound, M63 . . . . . . . . . . . . . . . . 614
Bomb, armor-piercing, 1,600-

pound, AN-Mk. 1 . . . . . . . . . . . . 614

Bomb, chemical, 100-pound, M47. 671
Bomb, chemical, 100-pound,

M47A1 . . . . . . . . . . . . . . . . . . . . 674
Bomb, chemical, 100-pound,

M47A2 . . . . . . . . . . . . . . . . . . . . 676
Bomb, chemical, 115-pound, M70 676
Bomb, demolition, 300-pound, M31 599
Bomb, demolition, 600-pound,

M32 . . . . . . . . . . . . . . . . . . . . . . . 600
Bomb, demolition, 1,100-pound,

M33 . . . . . . . . . . . . . . . . . . . . . . . 600
Bomb, depth, 325-pound, AN.MIc.

17M1 . . . . . . . . . . . . . . . . . . . . . . 634
Bomb, depth (new, 325-350

pound) . . . . . . . . . . . . . . . . . . . . 637
Bomb, depth, (650-pound)...... 641
Bomb, depth, 650-pound, AN-Mk.

29 . . . . . . . . . . . . . . . . . . . . . . . . . 638
Bomb, fragmentation. 20-pound,

AN-M41 . . . . . . . . . . . . . . . 652,663
Bomb, fragmentation, 20-pound,

M41 . . . . . . . . . . . . . . . . . . . . . . . 661
Bomb, fragmentation, 20-pound,

M42 . . . . . . . . . . . . . . . . . . . . . . . 654
Bomb, fragmentation, 23-pound,

M40 . . . . . . . . . . . . . . . . . . . 654, 667
Bomb, fragmentation, 23-pound,

M72 . . . . . . . . . . . . . . . . . . . . . . . 657
Bomb, fragmentation, 30-pound,

MS . . . . . . . . . . . . . . . . . . . . 652. 662
Bomb, general purpose, 100-

pound, AN-M30 . . . . . . . . . . . . . 593
Bomb, general purpose, 250-

pound, AN-M57 . . . . . . . . . . . . . 594
Bomb, general purpose, 500-

pound, AN-M43 and AN-M64.. 594
Bomb, general purpose, 1000- *

pound, AN-M44 and AN-M65.. 596
Bomb, general purpose, 2000-

pound. AN-M34 and AN-M66.. 596
Bomb, incendiary, 2-pound, AN-

M52 . . . . . . . . . . . . . . . . . . . . . . . 682
Bomb, incendiary, 4-pound, AN-

M50A1 . . . . . . . . . . . . . . . . . . . . 679
Bomb, incendiary, 4-pound, AN-

M50XA1 . . . . . . . . . . . . . . . . . . 681
Bomb, Incendiary, 4-pound, AN-

M54 . . . . . . . . . . . . . . . . . . . . . . . 682
923
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Bomb, incendiary, 4-pound, AN-

MS4X . . . . . . . . . . . . . . . . . . . . . 684
Bomb, incendiary, WP, 10-pound,

AN-M67 . . . . . . . . . . . . . . . . . . . 679
Bomb, incendiary, instructional,

Ml . . . . . . . . . . . . . . . . . . . . . . . . 685
Bomb, incendiary, instructional,

M2 . . . . . . . . . . . . . . . . . . . . . . . . 686
Bomb, incendiary, oil, 6-pound,

AN-M56 . . . . . . . . . . . . . . . . . . . 678
Bomb, light case, 4000-pound,

AN-MS6 . . . . . . . . . . . . . . . . . . . 597
Bomb, photoflash, M23A1 . . . . . . 724
Bomb, photoffash, M46 . . . . . . . . 727
Bomb, practice, 3-pound, AN-Mk.

5, Mod. 1 . . . . . . . . . . . . . . . . . . . 705
Bomb, practice, 17-pound, M37.. 704
Bomb, practice, 20-pound, M48.. 703
Bomb, practice, 23-pound, M71. . 705
Bomb, practice, 23-pound, M73.. 705
Bomb, practice, 100-pound,

M38A2 . . . . . . . . . . . . . . . . . . . . 699
Bomb, semi-armor-piercing, AN-
' M58A1 . . . . . . . . . . . . . . . . . . . . 608
Bomb, semi-armor-piercing, 500-

pound, AN-M58 . . . . . . . . 606
Bomb, semi-armor-piercing, 1,000-

pound, AN-M59 . . . . . . . . . . . . . 610
Bomb (assembly, complete) draw-

ings . . . . . . . . . . . . . . . . . . . . . . . 36
Bombs

destruction . . . . . . . . . . . . . . . . . 769
storage in magazine area . . . . 793
transportation . . . . . . . . . . . 849, 855

Bombs, gage . . . . . . . . . . . . . . . . . 699
Bombs, incendiary

extinction and care in handling. 693
treatment for burns . . . . . . . . . 695

Bombs, incendiary, instructional,
general . . . . . . . . . . . . . . . . . . . . . 684

Bombs, photoflash
destruction . . . . . . . . . . . . . . . . . 771

Bombs for aircraft
arming wire . . . . . . . . . . . . . . . 557
armor-(»nd semi-) piercing.... 605
chemical bombs . . . . . . . . . . . . 667
demolition bombs . . . . . . . . . . 549
depth bombs . . . . . . . . . . . . . . . . 623
fragmentation bombs . . . . . . . . . 641

fuzes . . . . . . . . . . . . . . . . . . . . . .
general purpose . . . . . . . . . . . .
improvised bombs . . . . . . . . . .
incendiary bombs . . . . . . . . . . . .
packing and shipping . . . . . . .
painting and stenciling . . . . . .
painting (OP bombs) . . . . . . .
power and effect of . . . . . . . . .
practice and drill bombs
shipping plugs (GP bombs)..
techniques . . . . . . . . . . . . . . . . . .
types of and fillers . . . . . . . . . .

Caliber
definition of . . . . . . . . . . . . . . .
small-arms ammunition . . . . . .

Cal. .30 ammunition . . . . . . . . . . . .
Cat. .45 ammunition . . . . . . . . . . . .
Cal. .50 ammunition . . . . . . . . . . . .
Cal. .30 cartridges, tabular data .
Cal. .45 cartridges, tabular data .
Cal. .50 cartridges, tabular data .
Calipers, use and care of

hermaphrodite calipers . . . . . .
inside and outside calipers....
micrometer calipers . . . . . . . . . .

Canister, fixed, M l . . . . . . . . . . . . .
Canister, fixed, M2 . . . . . . . . . . . .
Cap, blasting, electric . . . . . . . . .
Cartridge M6 . . . . . . . . . . . . . . . . .
Cartridge M7 . . . . . . . . . . . . . . . . .
Cartridge, AP-T, M70 . . . . . . . . .
Cartridge, AP-T, M75 . . . . . . . . .
Cartridge, AP-T, M81
Cartridge, AP-T, M81A1 .......
Cartridge, APC-T, M86 . . . . . . . .
Cartridge, armor-piercing, cat. .30,

M2 . . . . . . . . . . . . . . . . . . . . . . . .
Cartridge, armor-piercing, cal. .50,

M2 . . . . . . . . . . . . . . . . . . . . . . . .
Cartridge, ball . . . . . . . . . . . . . . . .
Cartridge, bail, cal. .22, long rifle.
Cartridge, ball, cal. .30, Ml . . . .
Cartridge, ball, cal. .30, M2 . . . . .
Cartridge, ball, cal. .30, M1906 .
Cartridge, ball, cal. .45, M1911 .
Cartridge, blank, cal. .30, M1909
Cartridge, blank, cal. .50, Ml ..

557
564
548
677
552
551
568
562
697
569
563
551

7
179
191
205
209
202
216
216

48
41
53

338
347
761
658
662
381
328
378
379
382

194

209
330
218
192
193
191
205
199"
215

924

IMY-IV

INDEX

C—Conr'd
Cartridge, blank, revolver, cat. .45,

Ml . . . . . . . . . . . . . . . . . . . . . . . . 206
Cartridge, carbine, cal. .30, Ml . . 220
Cartridge, drill, M3 and M4. .458, 460
Cartridge, drill, MS . . . . . . . . . . . 343
Cartridge, drill, M8 (S) and Mil

(S fc M) . . . . . . . . . . . . . . . 4 7 1 , 483
Cartridge, drill, M9 and M10 452, 461
Cartridge, drill, M12 . . . . . . .468 , 469
Cartridge, drill, M13 . . . . . . . . . . 351
Cartridge, drill, M14 . . . . . . . 479 , 483
Cartridge, dummy, cal. .30, Ml . 204
Cartridge, dummy, cal. .30, M2 . 204
Cartridge, dummy, cal. .30,

M1906 . . . . . . . . . . . . . . . . . . . . . 201
Cartridge, dummy, cal. .45,

M1921 . . . . . . . . . . . . . . . . . . . . . 207
Cartridge, dummy, cal. .50, M2.. 215
Cartridge, gallery practice, cal. .30,

M1919 . . . . . . . . . . . . . . . . . . . . . 200
Cartridge, guard, cal. .30. M l . . . 200
Cartridge, guard, cal. .30, M1906 201
Cartridge, H.E.. Mk. I, L fc P . . . 379
Cartridge, H.E., Mk. I (Navy)

w/Fuze, P.D.. Mk. 27 . . . . . . . . 379
Cartridge, H.E.-I, Mk. I . . . . . . . . 323
Cartridge, H.E., Mk. II, L fc P.. 379
Cartridge. H.E.-T (SO), Mk. I I . . 366
Cartridge, high-pressure, test, cal.

.30, Ml . . . . . . . . . . . . . . . . . . . . 205
Cartridge, high-pressure test, cal.

.45, Ml . . . . . . . . . . . . . . . . . . . . 207
Cartridge, high-pressure, test, cal.

.50, Ml . . . . . . . . . . . . . . . . . . . . 218
Cartridge, Incendiary, cal. .30,

Ml . . . . . . . . . . . . . . . . . . . . . . . . 195
Cartridge, incendiary, cal. .50,

Ml . . . . . . . . . . . ! . . . . . . . . . . . . 214
Cartridge, ignition

M3 red cartridge . . . . . . . . . . . . 279
M4 cartridge . ' . . . . . . . . . . . . . . 308
M5A1 cartridge . . . . . . . . . . . . . 307
M6 red cartridge . . . . . . . . . . . 283
Mk. I green cartridge . . . . . . . . 276

Cartridge, rifle grenade, cal. .30,
M3 . . . . . . . . . . . . . . . . . . . . . . . . 257

Cartridge, subcatiber . . . . . . . . . . . 458
Cartridge, subcaliber, cal. .30 . . . . 219
Cartridge. TP-T, M76 . . . . . . . . . 381

Cartridge. TP-T, Tl . . . . . . . . . . . 378
Cartridge, tracer, cal. JO, Ml . . . 194
Cartridge, tracer, cal. .45, Ml . . . 206
Cartridge, tracer, cal. .50, Ml . . . 214
Cartridge case M5A1, type I . . . . 426
Cartridge case M5A1, type

II . . . . . . . . . . . . . . . . . . . . . 4 2 6 , 4 3 2
Cartridge case M5A1B, type I . . . 426
Cartridge case M5A1B1, type II 432
Cartridge case M14, type I . . . . 473
Cartridge case MIS . . . . . . . . . . . 482
Cartridge case M16 (and M16B1) 345
Cartridge case M17 . . . . . . . . . . . 353
Cartridge ease M 1 7 B 1 . . . . . . . . . . 353
Cartridge case M18 . . . . . . . . . . . 403
Cartridge case MI8BI . . . . . . . . . 404
Cartridge case M19 . . . . . . . . . . . 463
Cartridge case M19B1 . . . . . . . . . 463
Cartridge case M21 . . . . . . . . . . . 325
Cartridge case M21A1 . . . . . . . . . -325
Cartridge case M21A1B1 . . . . . . . 325
Cartridge case M24, brass . . . . . . '484
Cartridge case Mk. I . . . . . . . 337 . 444
Cartridge case Mk. IA1 ... .337, 444
Cartridge case Mk. IA2 . . . . . . . . 337
Cartridge case Mk. IM1 (and Mk.

IM2) . . . . . . . . . . . . . . . . . . . . 445
Cartridge case Mk. IIM1 (and

Mk. HM2) . . . . . . . . . . . . . . . . 445
Cartridge case Mk. IIIA2 . . . . . . 361
Cartridge tase Mk. HIA2B1 . . . . 361
Cartridge cases

comparison for 37-mm guns ... 335
defects . . . . . . . . . . . . . . . . . 2 2 7 , 228
defects after firing . . . . . . . . . . 231
description and functioning . . . . 181
seacoast ammunition (3-inch ).. 456
(See a/so under spec/Ac nomen-

clature a mnd Case, cartridge)
Cartridges

precautions in handling . . . . . . 232
(See •/*> unrfer specific nomen-

cfafuret and Small-arms am-
munition)

Case, cartridge, M22A1 . . . . . . . . 364
Case, cartridge, M22A1B1 . . . . . . 364
Case, cartridge, M23A2 . . . . . . . . 380
Case, cartridge, M23A2B1 . . . . . . 380
Case, cartridge, M25 . . . . . . . . . . 364

925
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Case, cartridge, M25B1 ........ 364
Casting method of loading amatol 147
Cavitation, effect of exudation... 134
Cellulose, nitration of purified .. 82
Cellulose, purification (nitrated).. 82
Certificates (rail freight), car .. 868
Charge, dummy, M6 .......... 489
Charge, propelling, dummy ..... 527
Charge, propelling, M7 (normal) 489
Charge, propelling, MB (super) .. 489
Charge, propelling, Mk. I ...... 526
Charge, spotting, M1A1 ....... 701
Chemical components filled with

H, destruction of ........... 776
Chemical shell

description ..:.............. 17
destruction ................. 768
high-explosive trains ......... 128
(See also under ipocific nomen-

c/afurea)
Chemical warfare agents

'classification ................. 163
definition and requirements.... 160
historical data ..... . . . . . . . . . 158
incendiaries ................. 176
lacrimators . . . . . . . . . . . . . . . . . 171
lung irritants . . . . . . . . . . . . . . . 169
protective equipment ......... 176
screening smokes ............ 174
sternutators ................ 172
vesicants .................. 166

Chtoracetophenone ............ 171
Chlorine ..................... 171
Chlorpicrin ... . . . . . . . . . . . . . . . 169
Chlorsulfonie acid (sulfur trioxide

in) . . . . . . . . . . . . . . . . . . . . . . . . 174
Chiorvinyldichtorarsine ......... 167
Classification by

issue and manufacture ........ 6
standards . . . . . . . . . . . . . . . . . . . 6

Clips, small-arms ammunition .... 185
Clothing protection (chemical war-

fare) ...................... 176
Cluster, fragmentation bomb, AN-

M1A1 (100-pound) .......... 662
Cluster, fragmentation bomb, Ml

(100-pound) ................ 658
Cluster, fragmentation bomb, M3

(lOC-pound) ................ 661

Cluster, fragmentation bomb, M4 664
Cluster adapter AN-M3......... 690
Cluster adapter T2............. 687
Complete round (See Rounds,

complete) ..................
Convoys (motor carrier shipment) 875
Cord, detonating .............. 758
Corning mills (black powder).... 72
Corrosion

effects of exudation (shell) .. 134
rmall-arms ammunition ....... 227

Cotton, purification of, black pow-
der manufacture ............. 81

Deflagration (explosives) defini-
tion of .................... 67

Dehydration, nitrocellulose ..... 83
Demolition

aircraft bomb* .............. 549
use of

nitrostarch explosives....... 108
rocket M6 (2.36-inch AT).. 259
TNT .................... 101

Depot records and
reports ........909, 911, 914, 916

Depth bomb fuzes (See under
Fuze (depth bomb))

Destruction of unusable ammuni-
tion and explosives

ammunition condition report .. 749
definition, unusable ammunition 748
destruction by burning ....... 772

detonation ............... 752
dumping at sea ... . . . . . . . . 777
electric firing system ...... 761
nonelectric firing system..... 753

destruction of
aircraft bombs . . . . . . . . . . . . 769
artillery shell . . . . . . . . . . . . . 764
other ammunition . . . . . . 770 , 771

miscellaneous equipment .. 758, 763
misfires .................... 768
preparation of charges .... 759, 763
salvage and safety ........... 748

Destructor M4 ................ 604
Detonation (explosives)

definition"................... 68

D—Cont'd
Detonation (explosives) — Cont'd

destruction, unusable ammuni-
tion .....................

low order (explosive trains)...
mercury fulminate ...........
nitrostarch explosives ........
picric acid ..................
tetryl ................... 108,
TNT . . . . . . . . . . . . . . . . . . . . 9 9 ,

Detonator
bangalore torpedo ........270,
destruction ............. 770,
high-explosive train* .........
(See also Primer detonators)

Dibutylpthalate (D.B.T.), blend-
ing smokeless powder ........

Dichlorethylsulfide ..............
Dimensions (engineering draw-

ings) explanation of ..........
Dinitrotoluene (D.N.T), blending

smokeless powder ............
Diphenylamine (D.P.A.), blending

smokeless powder ............
Diphenylamineehtorarsine .......
Diphenylchlorarsine ...........
Diphosgene ...................
Dividers, use and care of ........
Door gates (transportation) ....
Drawings, engineering, description,

reproduction, and reason for
understanding ...............

Drawings, Isometric, explanation of
Drawings, line

description of an object by ....
types of lines used ..........

Drawings, ordnance
classification, numbering, and

piece marks ...............
interpretation of ............
kinds of ....................
marking or packing and mark-

ing drawings ..............
regulations for ammunition divi-

sion materiel ..............
titles and revision of tracings..
(See afto Drawings, engineering)

Drawings, perspective, explanation
of .........................

752
131
112
107
103
109
101

272
775
125

88
166

28

88

88
172
173
170
48

855

23
28

25
27

33
23
34

36

33
34

28
927

Drilling, high-explosive loading
(TNT) .................... 145

Drivers (motor carriers), instruc-
tions ....................... 877

Drying (smokeless powder) .... 87
Duds

destruction ................. 771
explosive trains .............. 131

Dummy ammunition
description and use .......... 181
(See also under ipecftlc nonten-

cfafures)
Dummy primer, percussion, 100-

grain, M1B1A1 ............. 481

E. C. blank powder, description.. 96
Ethyldichlorarsine ............. 168
Explosive D (ammonium pier ate)

description and properties ..... 101
destruction of shells loaded with 768
high-explosive loading

general description ......... 151
manufacture and use ...... 102
pressing process •... i . • • • • • • 15*
setting up loading procedure . 153
specific gravity ............ 154
storage ................... 103

Explosive shell .... .1......... 16
Explosive trains

bursting charge ............. 122
description ................. 117
duds and low order detonations 131
propellent charge ............ 118

Explosives
definition and explanation of.. 66
explosive trains ............. 117
exudation .................. 132

high-explosive loading .......... 135
shipment

motor carrier .............. 874
rail express ............... 872
rail freight ................ 859

(See also Nitrostarch explosives,
Explosives, low and Explo-
sives, high)

Explosives, high
amatol .'.................... 113
ammonium plcrate ........... 101
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E—Cont'd
Explosives, high —Confd

burttlng charge (explosive
traim) ................... 125

definition and explanation of... 67
description ................. 96
destruction by burning ....... 774
destruction by detonation

electric firing system ...... 761
nonelectric firing system .... 7S3

high-explosive loading
amatol ................... 147
explosive D ............... 1S1
general description ......... 13S
pentotite ................. 157
TNT .................... 136
tetryl .................... 156
tetrytol .................. 156
trimonite ................. 151

lead ozide .................. 114
mercury fulminate ........... 110
nitrostarch explosives ........ 105
pentaerythrite tetranltrate .... 115
pentolite . . . . . . . . . . . . . . . . . . . 116
picric acid ................. 103
requirements . . . . . . . . . . . . . . ' . . ' 97
tetryl ...................... 108
tetrytol .................... 116
tridite . . . . . . . . . . . . . . . . . . . . . 116
trimonite . . . . . . . . . . . . . . . . . . . 115
trinitrotoluene ............... 98

Explosives, low
black powder . . . . . . . . . . . . . . . . 68
bursting charge explosive trains 122
compound propellents ........ 96.
definition and explanation of... 67
smokeless powder ............ 79

Extrusion method of loading 80/20
amatol . . . . . . . . . . . . . . . . . . . . . 150

Exudation (TNT and amatol
loaded shells) ............... 132

F
Finishing (black powder)....... 72
Fires

black powder ............... 78
effects of exudation.......... 134
fire-fighting procedures (trans-

portation) ". . . . . . . . . . . . . . . 882
magazine area . . . . . . . . . . . . . . . 794
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magazine area (chemical muni-
tions) ................... 825

motor carrier shipment ...... 875
pyrotechnics ................ 747

• small-arms ammunition storage. 234
smokeless powder ............ 94

Firing devices
antipersonnel mines and booby

traps .................... 241
combination firing device Ml.. 246
pressure firing device Ml...... 244
pull firing device Ml ........ 242
release firing device Ml ..... 246

Firing mechanism Ml.......... 658
First aid

adamsite ................... 173
brombentylcyanide .......... 172
chloracetophenone ........... 171
chlorine .................... 171
chlorpierin .................. 170
diphenylchlorarsine .....'..... 174
diphosgene ................. 170
ethyldichlorarsine ............ 168
HC mixture ................. 174
lewisite .............. i..... 168
mustard .................... 166
phosgene ................... 171
phosphorous (white or yellow) 175
sulphur trioxide in chlorsul-

fonic acid ................ 174
thermite ................... 176
titanium tetrachloride ........ 175

Fixed, ammunition, description... 20
Flare, aircraft, parachute, M8A1. 712
Flare, aircraft, parachute, M9... 721
Flare, aircraft, parachute, M24.. 715
Flare, aircraft, parachute, M26.. 719
Flare, airport, M13............. 724
Fringing groove (projectiles).... 13
Fuze, AA, 21-second, Mk. III.... 439
Fuze, armor-piercing bomb, nose

AN-Mk. 228 ................ 606
Fuze, B.D., M60 .............. 500
Fuze, B.D.; M66 .............. 398
Fuze, B.D., M68 .............. 462
Fuze, B.D., Mk. X............. 532
Fuze, base-detonating, M38...... 342
Fuze, base-detonating, M38A1.... 340
Fuze, base-detonating, M58...... 347

INDEX
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Fuze, base-detonating, M62...... 435
Fuze, bese-detonatlng, Mk. V (me-

dium caliber) ...........:... 456
Fuze, base percussion, Mk. I..... 337
Fuze, blasting, time............. 757
Fuze, bomb, nose, M104........ 643
Fuze, bomb, nose, M1Q9........ 646
Fuze, bomb, nose, M110........ 650 .
Fuze, bomb, nose, AN-M110A1... 648
Fuze, bomb, nose, M120........ 648
Fuze, chemical bomb, nose, M108 669
Fuze, chemical bomb, nose, M126 670
Fuze, chemical bomb, transverse,

Ml ........................ 677
Fuze, chemical, mine, antitank,

non-metallic, MS ............ 267
Fuze, combination, 21-second,

M1907M .................... 393
Fuze, combination, P.O., 25-sec-

ond, time and superquick, M54. 395
Fuze, depth bomb, nose, AN-Mk.

219 ........................ 630
Fuze, depth bomb, nose, AN-Mk.

221 ........................ 632
Fuze, depth bomb, tall, hydrostat-

ic, AN-Mk. 229 Ml.......... 632
Fuze, depth bomb, transverse, hy-

drostatic, AN-Mk. 224........ 623
Fuze, depth bomb, transverse, hy-

drostatic, AN-Mk. 234.. . . . . . . 630
Fuze, detonating, hand grenade,

M6A2 ..................... 240
Fuze, dummy, MSO... . . . . . . . . . . 359
Fuze, dummy, M59............. 481
Fuze, dummy, M69............. 378
Fuze, igniting, hand grenade, M10. 235 '
Fuze, igniting, hand grenade,

M10A1 .................... 238
Fuze, igniting, hand grenade,

M10A2 .................... 238
Fuze. M.T., M2............ . . . . 469
Fuze, M.T., M43............... 469
Fuze, mine, antitank, H.E., Ml.. 263
Fuze, mine, antitank, H.E., M1A2. 267
Fuze, mine, antitank, H.E., M4.. 267
Fuze, mine, antitank, practice, Ml 269
Fuze, Mk. XIV................ 652
Fuze, nose, M103.............. 572
Fuze, nose, AN-M103........... 572

Fuze, nose, M118 and M119.... 585
Fuze, P.D, M 4 6 . . . . . . . . . . . . . . . 497
Fuze, P.D., M46, instantaneous.. 383
Fuze, P.O., M47..._............. 497
Fuze, P.D., M48, selective, super-

quick, or short dela'y.......... 388
Fuze, P.O., M47, short delay..... 385
Fuze, P.O., M48Ali selective,

superquick, or long delay...... 390
Fuze, P.D., M51 and M51A1. 499,529
Fuze, P.D., M54 ............... 497
Fuze, P.D., M64A1*............. 374
Fuze, P.D., Mk. 27 (Navy)..... 373
Fuze, percussion, D.A., No. 251,

Mk. I/L/ ................... 369
Fuze, percussion, D.A., No. 253,

Mk. I/A/ .................. 328
Fuze, point-detonating, M45..... 295
Fuze, M48 and M48A1, point-

detonating .................. 456
Fuze, point-detonating, M52...... 298
Fuze, point-detonating, M52B1... 300
Fuze, point-detonating, M52B2... 300
Fuze, point-detonating, M53..... 300
Fuze, point-detonating, M56..... 356
Fuze, point-detonating, M57..... 390
Fuze, tail, Ml00, M101, M102... 580
Fuze, tail, AN-M100A1..... 576,580
Fuze, tail, AN-M100A2.......... 581
Fuze, tall, AN-M101A2.......... 581
Fuze, tail, AN-M102A1.......... 580
Fuze, tail, AN-M102A2.......... 581
Fuze, tail, M106............... 586
Fuze, tail, M106A1 and M106A2. 588
Fuze, tail, M112............... 584
Fuze, taU, M113............... 581
Fuze, tail, M114............... 584
Fuze, tail, M115............... 584
Fuze, tail, M116............... 584
Fuze, tail, M117............... 584
Fuze, tail, M121............... 604
Fuze, tail, M122............... 589
Fuze, tall, M123 and M125..... 590
Fuze, tail, M124............... 589
Fuze, tall, hydrostatic, AN-Mk.

230 ........................ 590
Fuze, time, (fixed), M65....... 314
Fuze, time and superquick, M54.. 481
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Fuze, tlma and luperquick, M55

and M55A1 . . . . . . . . . . . . . . . . 499
Fuze, time, mechanical, M43.... 440
Fuze, time, mechanical, M61.... 484
Fuse, time, mechanical, M67.... 502
Faces

AP and SAP bomb*... . . . . . . . 622
aircraft bomb* . . . . . . . . . . . . . . 557
description

early type* . . . . . . . . . . . . . . . 17
World War I and later type* 18

destruction by
burning . . . . . . . . . . . . . . . . . . 775
detonation . . . . . . . . . . . . . . . . 770

OP bomb* . . . . . . . . . . . . . . . . . 602
< trench mortar . . . . . . . . . . . . . . . 291

G
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179Gage, small-arms ammunition.
Gages, fixed

type* of . . . . . . . . . . . . . . . . . . . 49
use of . . . . . . . . . . . . . . . . . . . . . . 53

Gallery practice ammunition..... 181
Galvanometer . . . . . . . . . . . . . . . . . 763
Ga« mask . . . . . . . . . . . . . . . . . . . . 177
Grapeshot (projectile filler)..... 16
Grenade, AT, M9A1. . . . . . . . . . . . 254
Grenade, AT, practice, Mil, and

M11A1 . . . . . . . . . . . . . . . . . . . . 257
Grenade, hand, fragmentation, Mk.

II, with hand grenade, ig-
niting fuM M10A2

description . . . . . . . . . . . . . . . . . 234
painting, marking, and packing. 239
safety precaution* . . . . . . . . . . . . 238

Grenade, hand, offensive, Mk.
IIIA1, unfuze, (adapted for
hand grenade detonating fuse
M6A2) . . . . . . . . . . . . . . . . . . . . 239

Grenade, hand, smoke, HC, M8.. 746
Grenade, hand, training, Mk. IA1. 240
Grenade, rifle, fragmentation, im-

pact, M17 . . . . . . . . . . . . . . . . . . 258
Grenade, rifle, H.E., M 9 . . . . . . . . . 254
Grenades

description and use of rifle gre-
nades . . . . . . . . . . . . . . 181,253

destruction '
frasrmentation grenade* . . . . . . 776

offensive hand grenades..... 770
rifle grenades . . . . . . . . . . . . . 770

(See mlao Rifle grenade ammuni-
tion)

Granite, use o f . . . . . . . . . . . . . . . . 107
Guard ammunition . . . . . . . . . . . . . 181
Gun, 3-inch, seacoast... . . . . . . . . . 454
Gun, 3-Inch, tank and antitank... 459
Gun, Ml, 4.5-lnch.. . . . . . . . . . . . . 486
Gun, Ml, 4.7-Inch AA.. . . . . . . . . 484
Gun M1A2, 37-mm, automatic

(antiaircraft) . . . . . . . . . . . . . . . 253
Gun M3, (and M3A1), 37-mm an-

titank . . . . . . . . . . . . . . . . . . . . . . 345
Gun M4, 37-mm, automatic (air-

craft) . . . . . . . . . . . . . . . . . . . . . . 360
Gun MS (and M6), 37-mm, tank. 345
Gun M1916, 37-mm.. . . . . . . . . . . 336
Gun Ml, 40-mm, automatic..... 363
Gun Ml, 57 -mm. . . . . . . . . . . . . . . 380
Gun Ml, 90-mm. . . . . . . . . . . . . . . 462
Guns, 75-mm . . . . . . . . . . . . . . . . . 382
Guns, 155-mm . . . . . . . . . . . . 490,491
Gun*, artillery, types of

20-mm gun* . . . . . . . . . . . . . . . . 323
37-mm gun* . . . . . . . . . . . . . . . . 331

Handling
ammunition . . . . . . . . . . . . . . 21,22
high explosives . . . . . . . . . . . . . 97
incendiary bomb* . . . . . . . . . . . . 693
nitroitarch explosives . . . . . . . . 108
pyrotechnic* . . . . . . . . . . . . . . . . 746
•mall-arm* ammunition ... . . . 231
tetryl . . . . . . . . . . . . . . . . . . . . . . 109

Mangfire ((mail-arm* ammunition)
226, 230

HC mixture . . . . . . . . . . . . . . . . . . 174
Hexachlorethane-zinc . . . . . . . . . . 174
High-pressure test ammunition... 181
Howitzer ammunition, 75-mm.... 425
Howitzer Ml, 155-mm.......... 764
Howitzer, Ml, 240-mm.. . . . . . . . . 528
Howitzers, 105-mm . . . . . . . . . . . . 471
Howitzers, 155-mm . . . . . . . . 490,491
Howitzers, 240-mm . . . . . . . . . . . . 522
Hygroscopldty

ammonium plcrate . . . . . . . . . . . 102
defined . . . . . . . . . . . . . . . . . . . . . 97
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I.C.C. regulations

blocking and staying.. . . . . . . . . 831
guide to . . . . . . . . . . . . . . . . . . . 857
shipper . . . . . . . . . . . . . . . . . . . . 856

Illustration drawings . . . . . . . . . . . 37
Incendiaries

description and use . . . . . . . 179, IBS
magazine storage . . . . . . . . . . . . 824
thermite . . . . . . . . . . . . . . . . . : . 176

Irritant smoke* (See Sternutators)

Kegs (transportation of ammuni-
tion) . . . . . . . . . . . . . . . . . . . . . . 838

LCL shipments . . . . . . . . . . . . . . . . 833
Lacrimators

brombenzylcyanide . . . . . . . . . . 172
chloracetophenone . . . . . . . . . . . 171

Lands, definition o f . . . . . . . . . . . . . 7
Launcher, grenade, M l . . . . . . . . . . 257
Laws concerning transportation... 856
Lead azide . . . . . . . . . . . . . . . . . . . . 114
Lewisite, spilled (magazine), re-

moval . . . . . . . . . . . . . . . . . . . . . . 817
'Loading—assembly drawings..... 36
Lot number, ammunition..... . . . 6
Lung irritants

chlorine . . . . . . . . . . . . . . . . . . . . 171
chlorplcrln . . . . . . . . . . . . . . . . . 169
diphosgene . . . . . . . . . . . . . . . . . 170
phosgene . . . . . . . . . . . . . . . . . . . 171

M
Machine gun functioning test.... 226
Magazine area

above-ground magazines . . . . . ' . 779
construction . . . . . . . . . . . . . . . . 779
explosive hazards . . . . . . . . . . . . 797
fire hazards . . . . . . . . . . . . . . . . . 794
fires (chemical munitions).... 825
inspection . . . . . . . . . . . . . . . . . . 782
interplant distances . . . . . . . . . . 809
leaking (chemical)

ammunition . . . . . . 813, 817, 821,
823, 825
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mixed storage regulations...... 784
piling and stocking.. . . . . . . . . . 789
quantity-distance

basic rule . . . . . . . . . . . . . . . . 811
regulations . . . . . . . . . . . . . . . 796
requirements . . . . . . . . . . . . . . 797
tables . . ' . . . . . . . . . . . . . . 801, 810

railroad car* (loaded)... . . . . . 809
removal, spilled chemical mate-

rial . . . . . . . 817,822,824,825
repair . . . . . . . . . . . . . . . . . . . . . . 781
report of injuries. . . . . . . . . . . . 813
safety regulation* . . . . . . . . . . . . 795
separation within or from other

buildings . . . . . . . . . . . . . . . 807
signs on door* . . . . . . . . . . . . . . . 814
special area distance*......... 807
storage . . . . . . . . . . . . . . . . . . . . . 783
storage chart . . . . . . . . . . . . . . . . 786
storage (chemical ammunition)

group A . . . . . . . . . . . . . . 814, 825
group B . . . . . . . . . . . . . . 818, 826
group C . . . . . . . . . . . . . . 822, 826
group D . . . . . . . . . . . . . 824,826
in general . . . . . . . . . . . . . . . . 812

underground magazines . . . . . . 781
Magazines, storage In

ammonium picrate . . . . . . . . . . 102
nitrostarch explosives . . . . . . . . . 108

Magneto exploders . . . . . . . . . . . . . 762
Marking ammunition

37-mm guns . . . . . . . . . . . . . . . . 336
155-mm H.E. and chemical pro-

jectiles . . . . . . . . . ; . . . . . . . 504
240-mm howitzer* . . . . . . . . . . . 524
antipersonnel mine M 2 . . . . . . . 251
antipersonnel mine M 3 . . . . . . . 253
antitank mines . . . . . . . . . . . . . . 270
black powder . . . . . . . . . . . . . . . 77
chemical shell M 5 7 . . . . . . . . . . . 291
drawings . . . . . . . . . . . . . . . . . . . 36
explosive*

motor carrier . . . . . . . . . . . . . 874
rail express . . . . . . . . . . . . . . . 874
rail freight . . . . . . . . . . . . . . . 864

fragmentation hand grenade*
Mk. II . . . . . . . . . . . . . . . . . 239

H.E. shell M 4 3 . . . . . . . . . . . . . . 280
H.E. shell M43A1. . . . . . . . . . . . 283
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H.E. shell M 4 5 . . . . . . . . . . . . . . 285'
H.E. shell M49A2 . . . . . . . . . . . . 308
H.E. ihell M 5 6 . . . . . . . . . . . . . . 288
H.E. ihell M 6 5 . . . . . . . . . . . . . . 489
incendiary bomb Ml (instruc-

tional) . . . . . . . A . . . . . . . . 686
incendiary bomb M2 (instruc-

tional) . . . . . . . . . . . . . . . . . 687
incendiary bomb (4-lb, AN-

M54) . . . . . . . . . . . . . . . . . . 684
illuminating 60-mm M83 shell. 314
ride grenades . . . . . . . . . . . . . . . 258
rockets M6 and M 7 . . . . . . . . . . 262
small-arms ammunition . . . . . . . . 222
smokeless powder . . . . . . . . . . . . 92
time fuze (fixed) M65. . . . . . . . 318
training hand grenade Mk. IA1. 240
training shell M 6 8 . . . . . . . . . . . . 291
training shell M 6 9 . . . . . . . . . . . . 308

Melting, high-explosive loading
(TNT) . . . . . . . . . . . . . . . . . . . . 136

Meveury fulminate
description and properties..... 110
storage and u s e . . . . . . . . . . . . . . 112

Micrometers
adjustment . . . . . . . . . . . . . . . . . 63
application of vernier scale.... 58
mechanics of . . . . . . . . . . . . . . . . 54
reading of

alternative method for.. . . . . 59
procedure in reading. . . . . . . . ' 56
thimble and barrel gradua-

tions . . . . . . . . . . . . . . . . . . . 54
selection of . . . . . . . . . . . . . . . . 54
types of . . . . . . . . . . . . . . . . . . . . 53
uae of decimal system... . . . . . 53
use of in measuring

depth of recesses.. . . . . . . . . . 68
flat surfaces . . . . . . . . . . . . . . . 60
inside diameters . . . . . . . . . . 62
round surface . . . . . . . . . . . . . 61

use of (precautions) . . . . . . . . . . 64
Mine, antipersonnel, M 2 . . . . . . . . 248
Mine, antipersonnel, M 3 . . . . . . . . 251
Mine, antitank, H.E., M l . . . . . . 263
Mine, antitank, H.E., M1A1.. . . 267
Mine, antitank, H.E., M 4 . . . . . . . . 267
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Mine, antitank, nonmetallic, MS,
with Fuze, chemical, mine, anti-
tank, nonmetallic, M 5 . . . . . . . . 267

Mine, antitank, practice, Ml, with
Fuze, mine, antitank, practice,
Ml . . . . . . . . . . . . . . . . . . . . . . . . 269

Mine, antitank, practice, M1B1.. 269
Mines, antipersonnel

description . . . . . . . . . . . . . . . . . 240
firing devices . . . . . . . . . . . . . . . 241
improvised devices . . . . . . . . . . . 253
psychology of use . . . . . . . . . . . . 241
types of . . . . . . . . . . . . . . . . 241, 248

Mines, antitank
description and explanation... 263
destruction . . . . . . . . . . . . . . . . . 770
use of 2.36-inch AT rocket M6. 261

Misfires
small-arms (defects found after) 230
destruction of ammunition by

detonation . . . . . . . . . . . . . . 768
Model designations, discussion of. 5
Mustard . . . . . . . . . . . . . . . . . 166,817

N
Nitration of purified cellulose.... 82
Nitrocellulose, disadvantage of

early powders . . . . . . . . . . . . . . . 88
Nitrochloroform . . . . . . . . . . . . . . . 169
Nitrostarch explosives

description . . . . . . . . . . . . . . . . . 105
. properties . . . . . . . . . . . . . . . . . . 106
storage . . . . . . . . . . . . . . . . . . . . . 108
use . . . . . . . . . . . . . . . . . . . . . . . . 107

Nomenclature
aircraft bomb f u z e s . . . . . . . . . . . 561
ammunition in general.. . . . . . . 5

Ogive (projectiles) . . . . . . . . . . . . 11
Overseas ammunition inspection.. 905

Packing ammunition for
3-inch AA guns . . . . . . . . . . . . . . 454
3-Inch seacoast guns . . . . . . . . . . 458
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Packing Ammunition for — Cont'd

3-inch tank and antitank guns.. 459
3-inch trench mortar ammuni-

tion . . . . . . . . . . . . . . . . . . . 276
14-inch guns . . . . . . . . . . . . . . . 545
20-mm automatic guns . . . . . . . . 330
37-mm antiaircraft guns . . . . . . 360
37-mm field guns . . . . . . . . . . . . 344
37-mm guns . . . . . . . . . . . . . . . . 336
40-mm guns . . . . . . . . . . . . . . . . 380
57-mm guns . . . . . . . . ' . . . . . . . . 382
75-mm guns . . . . . . . . . . . . . . . . . 425
90-mm guns . . . . . . . . . . . . . . . . 469
155-mm guns . . . . . . . 510,511,513
75-mm howitzers . . . . . . . . . . . . 436
iOS-mm howitzers . . . . . . . . . . . 482
240-mm howitzers . . . . . . . 528, 529
antipersonnel mines . . . . . 251,253
antitank mines . . . . . . . . . . 270, 351
bangalore torpedo . . . . . . . . . . . . 272
black powder . . . . . . . . . . . . . . . . 77
bombs for a i r c r a f t . . . . . . . . . . . . 552
chemical bomb . . . . . . . . . . . . . 674
chemical shell M 5 7 . . . . . . . . . . . 291
explosives (rail freight) . . . . . . . 864
firing devices . . . . . . . . 244, 246, 248
fragmentation hand grenades... 239
H.E. s h e l l . . . . . . 280,283,285,288,

308, 486, 490
illuminating shell . . . . . . . . . . . . 314
incendiary bombs . . . . . . . 681,684,

686, 687
practice bombs...... 703,705,707
rifle grenades . . . . . . . . . . . . . . . 258
rockets . . . . . . . . . . . . . . . . . . . . . 263
small arms . . . . . . . . . . . . . . . . . . 221
smokeless powder . . . . . . . . . . . 92
tank guns . . . . . '............. 351
time fuze . . . . . . . . . . . . . . . . . . 318
training hand grenade. . . . . . . . 240
training shell . . . . . . . . . . . 291, 308

Packing and marking drawings... 36
Painting

bombs
aircraft . . . . . . . . . . . . . . . . . . . 551
chemical ................. 674
incendiary . . . . . . . . . . . . . . . . 681

grenades
hand . . . . . . . . . . . . . . . . . 239, 240
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ret*
rifle . . . . . . . . . . . . . . . . . . . . . 258

howitzer ammunition (240-mm) 524
mines

aircraft . . . . . . . . . . . . . . . . . . 568
antipersonnel . . . . . . . . . 251,253
antitank . . . . . . . . . . . . . . . . . 270

projectiles . . . . . . . . . . . . . . . . . . . 15
projectiles (chemical) . . . . . . . 504
projectiles (37-mm guns)..... 335
rockets . . . . . . . . . . . . . . . . . . . . . 262
shell, H.E, M 6 5 . . . . . . . . . . . . . 489

Parachute assembly
fragmentation bombs . . . . 655,657
illuminating 60-mm M83 shell. 309

PETN (pentaerythrite tetrani-
trate), description and use.... 115

Pentolite
definition and loading. . . . . . . . . 157
description and use . . . . . . . . . . 116

Phosphorus (white or yellow)... 175
Picric acid

description and properties of . . . 103
storage . . . . . . . . . . . . . . . . . . . . . 105
use . . . . . . . . . . . . . . . . . . . . . . . . 104

Placards
I.C.C. . . . . . . . . . . . . . . . . . . . . . 881
rail freight . . . . . . . . . . . . . . . . . 867

Poaching (purification -of nitrated
cellulose) . . . . . . . . . . . . . . . . . . 82

Port of embarkation (See under
Transportation)

Pouring, high-explosive loading
(TNT) . . . . . . . . . . . . . . . . . . . . 137

Pressing (black powder) . . . . . . . . 70
Pressing process, loading (explo-

sive D) . . . . . . . . . . . . . . . . . . . 152
Pressure test (small-arms ammu-

nition) . . . . . . . . . . . . . . . . . . . . 226
Primer, Berdan type, M 3 7 . . . . . . . 325
Primer, combination, electric and

percussion,*Mk. XV, Mod. 1 . . . 545
Primer, electric, M30 . . . . . . . . . . 541
Primer, friction, M1914 . . . . . . . . 543
Primer, Ml . . . . . . . . . . . . . . . . . . . 407
Primer, M22 . . . . . . ' . . . . . . . . . . . . 404
Primer, M31 . . . . . . . . . . . . . . . : . . ; 407
Primer, M32 . . . . . . . . . . . . . . . . . 414
Primer, M32, percussion . . . . . . i 307
Primer, M33, percussion . . . . ; . . 283



TM 9-1904 m TM 9-1904

AMMUNITION INSPECTION GUIDE INDEX

p — Cent'd r«a«
Primer, M34, percussion . . . . . . . 288
Primer, M36, percussion . . . . . . . 325
Primer, percussion, 20-grain, M23. 332
Primer, percussion, 20-grain,

M23A1 . . : . . . . . . . . . . . . . . . . . 335
Primer, percussion, 20-grain,

M23A2 . . . . . . . . . . . . 331,335,364
Primer, percussion, 20-grain, Mk.

IIA1 . . . . . . . . . . . . . . . . . . 331,510
Primer, percussion, 21-graln, Mk.

II (or II A ) . . . . . . . . . . . . . . . . . 528
Primer, percussion, 21-grain, Mk.

IIA1 . . . . . . . . . ' . . . . . . . . . . . . . . 510
Primer, percussion, No. 12, Mk.

II/L/ . . . . . . . . . . . . . . . . . . . . . . 364
Primer detonator, M14 (and

M14A1) . . . . . . . . . . . . . . . . . . . 579
Primer, detonator, M 1 6 . . . . . . . . . 584
Primers

artillery ammunition . . . . . . . . . 20
destruction by

burning . . . . . . . . . . . . . . . . . . 775
detonation . . . . . . . . . . . . . . . . 770

small-arms ammunition
defects after f iring. . . . . 230,231
description and operation... 181

3-inch seacoast ammunition... 457
(See also under Dummy primer)

Projectile, A.P., 100-lb, Ml 12.. . 515
Projectile, A.P., 1400-lb, Mk. VII,

Mod. 6A1 . . . . . . . . . . . . . . . . . . 535
Projectile, A.P., 1400-lb, Mk. VIII,

Mod. 9A1 . . . . . . . . . . . . . . . . . . 535
Projectile, A.P., 1560-lb, Mk. VI. 535
Projectile, A.P., 1560-lb, Mk. VII 535
Projectile, A.P., 1560-lb, Mk. X. 535
Projectile, APC, M 6 1 . . . . . . 414,424
Projectile, APC, M61, w/B.D.

Fuze, M66A1 and tracer..... . 412
Projectile, APC, M61, w/tracer... 414
Projectile, APC, M62, fixed, with

fuze, B.D., M66 or M66A1 and
tracer . . . . . . . : . . . . . . . . . 450,461

Projectile, APC, fixed, M82.. 467,468
Projectile, dummy, 95-lb, Mk. I

516,521
Projectile, dummy, 356-lb, Mk. I. 526
Projectile, dummy, 1560-lb, M4.. . 539

Projectile, dummy, 1660-lb, Mk. I 539
Projectile, H.E., 1200-lb. Mk. XI. 535
Projectile. M41A1 . . . . . . . . . . . . . 431
Projectile, M48 . . . . . . . . . . . . 410, 427
Projectile, M64 . . . . . . . . . . . . . . . 431
Projectile, M65 . . . . . . . . . . . . . . . 487
Projectile, M66 . . . . . . . . . . . . . . . 432
Projectile, M72 . . . . . . . . . . . . . . . 414
Projectile, M89 . . . . . . . . . . . . . . . 416
Projectile, Mk. I . . . . . . . . . . . . . . 419
Projectile, Mk. II . . . . . . . . . . . . . 421
Projectile, shrapnel, Mk. I . . . . . . 422
Projectile, target practice, fixed,

Mk. VII A l . . . . . . . . . . . . 457,460
Projectiles

14-inch guns . . . . . . . 531,535,536
155-mm guns end howitzers... 493
artillery ammunition

adapters and boosters ....... 19
description ............... 8
exterior of modern projectiles 11
factors affecting desired shape , 10
fillers . . . . . . . . . . . . . . . 15,16,17

comparison for 37-mm guns. . . . 335
sand-loaded . . . . . . . . . . . . . . . . . 539
transportation . . . . . . . . . . . . . . 841

Propellents (projectile)
description . . . . . . . . . . . . . . . . . 19
discontinuance of use of black

powder . . . . . . . . . . . . . . . . 75
Propellent charge explosive trains

artillery ammunition . . . . . . . . 122
small-arms ammunition . . . . . . . 118

Propellent increment Ml . . . . . . . 283
Propellent increment M2 . . . . . . . 288
Propellent increment M3 . . . . . . . 307
Propellent increment M4 . . . . . . . 313
Propellent increment holder Ml. . 307
Propellent increments, H.E. shell

M43 . . . . . . . . . . : . . . . . . . . . . . 280
Propelling charges

3-inch guns
antiaircraft ............... 445
seacoast .................. 457

14-inch guns . . . . . . . . . . . . . . . 539
75-mm guns . . . . . . . . . . . . . . . . 407
15S-mm gun* . . . . . . . . . . 505,506
75-mm howitzer . . . . . . . . . . . . . 427
155-mm howitzer . . . . 505, 508, 509

r—Confd
Propelling charges — Cont'd

small-arms ammunition . . . . . . . 184
(See also under charge)

Pulping (purifieaticn of nitrated
cellulose) . . . . . . . . . . . . . . . . . . 82

Pulverization and mixing black
powder . . . . . . . . . . . . . . . . . . . . 70

Purification (black powder manu-
facture)

nitrated cellulose . . . . . . . . . . . . 82
raw cotton . . . . . . . . . . . . . . . . . 81

Pyrotechnics
candle power and burning rate. 710
chemical (and flare) composi-

tion . . . . . . . . . . . . . . . . . . . 709
destruction by burning.... . . . . 775
ground signals . . . . . . . . . . . . . . 742
handling . . . . . . . . . . . . . . . . . . . 746
stability of compositions...... 711
storage and f i r e s . . . . . . . . . . . . . 747
types of s ignals . . . . . . . . . . . . . . 729
visibility . . . . . . . . . . . . . . . . . . . 712

Renovation
defined . . . . . . . . . . . . . . . . . . . . 900
equipment and instructions.... 893
rules . . . . j . . . . . . . . . . . . . . . . . . . 895

Rifle functioning tests . . . . . . . . . . 226
Rocket, AT, 2.36-inch, M6 . . . . . . 259
Rocket, practice, 2.36-inch, M7.. 261
Rocket*

description . . . . . . . . . . . . . . . . . 258
destruction . . . . . . . . . . . . . . . . . 770

Rotating band (projectiles)
155-mm weapons . . . . . . . . . . . . 493
description . . . . . . . . . . . . . . . . . 11

Rounds of ammunition, complete
bombs

depth . . . . . . . . . . . . . . . . . . . . . 639
fragmentation . . . . . . . . . . . . . 665
general purpose . . . . . . . . . . . 601
SAP and A P . . . . . . . . . . . . . . 621

definition (complete round).... 7
fuzes

depth bombs . . . . . . . . . . . . . . 640
fragmentation bomb* . . . . . . 666

guns
3-Inch . . . . . . . . . . . 459,460,461
4.5-inch . . . . . . . . . . . . . . . . . . 487
57-mm . . . . . . . . . . . . . . . . . . . 381
75-mm . . . . . . . . . . . . . . . . . . . 424
90-mm . . . . . . . . . . . . . . . . . . . 468
105-mm . . . . . . . . . . . . . . . . . . 483
155-mm . . . . . . . . . . . . . . . . . . 514

howitzers
75-mm . . . . . . . . . . . . . . . . . . 436
105-mm . . . . . . . . . . . . . . . . . . 483
155-mm . . . . . . . . . . . . . . 518,521
240-mm . . . . . . . . . . . . . . 524,528

small arms . . . . . . . . . . . . . . . . . 181
trench mortars

60-mm . . . . . . . . . . . . . . . . . . . 317
81-mm . . . . . . . . . . . . . . . . . . . 302

(See «/»o under ipecific nomen-
clatures)

Rules, use and care o f . . . . . . . . . . 37

Safety, defined . . . . . . . . . . . . . . . . 898
Safety features

artillery fuzes . . . . . . . . . . . . . . . 322
booster, M20 . . . . . . . . . . . . . . . 403
mechanical time fuze, M43... 442
P.D. combination fuze, M54.... 396
P.O. fuze M 4 5 . . . . . . . . . . . . . . 295
P.D. fuze M 4 6 . . . . . . . . . . . . . . 383
P.D. fuze M 4 8 . . . . . . . . . . . . . . 388
P.O. fuze M 5 2 . . . . . . . . . . . . . . 298
P.O. fuze M 5 3 . . . . . . . . . . . . . . 300

Safety precautions
black powder . . . . . . . . . . . . . . . 79
destruction of ammunition. 757, 761,

762, 768
hand grenades . . . . . . . . . . . . . . 238
incendiary bombs M 2 . . . . . . . . . 687
manufacture or handling TNT.. 99
motor carrier transportation... 876
smokeless powder . . . . . . . . . . . . 95
time fuze M 6 5 . . . . . . . . . . . . . . . 318

Safety regulations
ammunition . . . . . . . . . . . . . . . . . 22
high explosives . . . . . . . . . . . . . 117
magazine area . . . . . . . . . . . . . . 795 .
personnel ......^........... 21.
port of embarkation.......... 888

934 935



TM 9-1904
AMMUNITION INSPECTION GUIDE INDEX

S—Confd
Scales (drawing), explanation of. 28
Screening smokes . . . . . . . . . 174,175
Scribers, use and care o f . . . . . . . . . *°
Sections (engineering drawings),

purpose of and explanation.... 33
Semifixed ammunition . . . . . . . . . . 20
Separate—loading ammunition... 20
Shell, A.P., 1660-lb, M1909. . . . . . 535
Shell, C.I., 1400-lb. Mk. X I V . . . . 539
Shell, C.I., 1560-lb, Mk. X I . . . . . 539
Shell, C.I.. 1660-lb. M1909. . . . . . 539
Shell, chemical, M57 . . . . . . 290,302
Shell, chemical, semifixed, M60

475. 483
Shell, chemical. M64 . . . . . . 431, 436
Shell.chemical, M104 . . . . . . . . . 515
Shell, chemical. M105 . . . . . . . . . . 520
Shell, chemical. Ml 10 . . . . . . . . . . 522
Shell.chemical, Mk. H. 419>424,519
Shell, chemical. Mk. I I A 1 . . . . . . . 519
Shell, chemical, Mk. V I I . . . . . . . . 514
Shell, chemical, Mk. V I I A I . . . . . 515
Shell,empty, for sand-loading,

95-lb, Mk. I . . . . . . . . . . . . . . . . . 520
Shell, empty, for sand-loading,

95-lb, Mk. I I I . . . . . . . . . . . . . . . 515
Shell, empty, for sand-loading,

345-pound, Mk. I I I . . . . . . . . . . . 525
Shell,empty, for sand-loading,

1200-lb, Mk. XI. Mod. 2A1.. . 539
Shell, empty, for sand-loading,

1400-lb, Mk. IX, Mod. 2 . . . . . . 539
Shell, fixed, sand-loaded, Mk. I . . . 338
Shell, H.E., M41A1 . . . . . . . . 427,436
Shell, H.E., M43 . . . . . . . . . . 279, 302
Shell, H.E., M43A1 . . . . . . . . 280, 302
Shell, H.E., M45 . . . . . . . . . . 285, 302
Shell, M.E., M48 .. 410,424,427,436
Shell, H.E., M49A2 . . . . . . . . 306, 317
Shell, H.E., M56 . . . . . . . . . . 286, 302
Shell, H.E., M65 . . . . . . . . . . . . . . 487
Shell, H.E., M73 . . . . . . . . . . . . . . 486
Shell, H.E., M101 . . . . . . . . . . . . . 514
Shell, H.E., M102 . . . . . . . . . . . . . . 519
Shell, H.E., M107 . . . . . . . . . . . . . 521
Shell, H.E., M107, unfuzed de-

struction of . . . . . . . . . . . . . . . . . 764
Shell, H.E., M114 . . " . . . . . . . . . . . 528

936

Shell, H.E., Mk. I . . . . . . 418,424,548
Shell, H.E., Mk. I A 1 . . . . . . . . . . . 518
Shell, H.E., Mk. H I . . . . . . . . 514,524
Shell, H.E., Mk. IIIA1. . ' . . . . 514.525
Shell, H.E., Mk. I V . . . . . . . . . . . . 518
Shell, fixed, armor-piercing, M80,

w/tracer . ' . . . . . . . . . . . . . . . . . . 361
Shell, fixed, H.E., M 3 8 . . . . . . 470,483
Shell, fixed, H.E., M38A1... 470.483
Shell, fixed, H.E., M 4 2 . . . . . . 448,457
Shell, fixed, H.E., M54, w/tracer.. 361
Shell, fixed, H.E., M54, w/S.D.

tracer . . . . . . . . . . . ' . . . . . . . . . . . 355
Shell, fixed, practice, M55A1

w/tracer . . . . . . . . . . . . . . . . . . . 361
Shell, fixed, H.E., M58 (ammanol)

467,468
Shell, fixed, H.E., M 6 3 . . . . . . . . . . 347
Shell, fixed, M.E., A.T., M66.. 432,436
Shell, fixed, H.E., M 7 1 . . . . . . 463,468
Shell, fixed, H.E., M1915... 457,460
Shell, fixed, M.E., Mk. I I . . . . . . . . 340
Shell, fixed, H.E.. Mk. IX. . . 446,461
Shell, fixed, L.E., Mk. I . . . . . . . . . 337
Shell, semifixed, H.E., M l . . . 473,483
Shell, semifixed, H.E., A.T., M67

479,483
Shell, illuminating, 60-mm, M83

309,317
Shell, fixed, practice, M38 and . *

M38A1 . . . . . . . . . . . . . . . . 470,483
Shell, fixed, practice, M42B2, with

fute, T.M., M 4 3 . . . . . . . . . 452,461
Shell, practice, M43A1 . . . . . 283,302
Shell, practice, M44 . . . . . . . . 285,302
Shell, practice, M50A2 . . . . . 308,317
Shell, fixed, practice, M55A1

w/tracer . . . . . . . . . . . . . . . . . . . 357
Shell, fixed, practice, M58... 463,468
Shell, fixed, practice, Mk. I I . . . . . 342
Shell, fixed, practice, Mk. IIA1,. . 343
Shell, fixed, smoke, HC, B.I., M88 454
Shell, semifixed, tmoke, B.E., M84

4>5,483
Shell, smoke, HC, B.I., M89. 416,424
Shell, smoke, HC, B.E., Ml 1 5 . . . . 520
Shell, smoke^HC, B.E., Ml 16 . . . . 522

S—Confd r...
Shell, shotgun, 12-gage . . . . . . . . . . 220
Shell, training. M68 . . . . . . . . 291,302
Shell, training. M69 ........ 308,317
Shells

destruction of
artillery shell . . . . . . . . . . . . . 764
chemical shell . . . . . . . . . . . . . 768

explosive, modern, and armor-
piercing . . . . . . . . . . . . . . . . 16

(See alto Explosive shell and
Chemical shell)

Shipping plugs (O P bombs) . . . . 569
Shipment (See Storage and Ship-

ment)
Shot, A.P., M 7 2 . . . . . . . . . . . . 414,424
Shot, A.P., 1660-lb, M1909. . . . . . 535
Shot, fixed, A.P., M74, w/tracer

350,360
Shot, fixed, A.P., M 7 7 . . . . . . 467,468
Shot, fixed, A.P., M79, with tracer

448,461
Shot, fixed, A.P.C., M51 w/tracer. 349
Shot, fixed, A.P.C., M59 w/tracer. 359
Shot, solid and case s h o t . . . . . . . . . 15
Shot, T.P., MSI w/tracer....... 350
Shot, fixed, T.P. (target practice)

M85, with tracer . . . . . . . . . 450,461
Shotgun Shells

use of . . . . . . . . . . . . . . . . . . . . . 181
(See a/so under spec/Ac nomen-

cfafures)
Shrapnel

description . . . . . . . . . . . . . . . . . 17
destruction . . . . . . . . . . . . . . . . . 769

Shrapnel, Mk. I....-422,424,516,521
Shrapnel, fixed, Mk. I . . . . . . . 445,461
Signal, aircraft, double star, AN-

M28 to AN-M33 ("Interim"
type) . . . . . . . . . . . . . . . . . . . . . . 736

Signal, aircraft, double star, AN-
M37 to AN-M42 ("Final" type) 738

Signal, aircraft, red star, parachute,
Mil . . . . . . . . . . . . . . . . . . . . . . . 734

Signal, aircraft, single star, AN-
M34 to AN-M36 ("Interim-
type) . . . . . . . . . . . . . . . . . . . . . . 736

Signal, aircraft, single star, AN-
M43 to AN-M45 ("Final" type) 740

937

Signal, aircraft, single and double
star . . . . . . . . . . . . . . . . . . . 729,731

Signal, drift, day, AN-Mk. I.... . . 746
Signal, drift, night, AN-Mk. IV.. '. 746
Signal, ground, high burst ranging,

M27 . . . . . . . . . . . . . . . . . . . . . . . 746
Signal, ground, white star, para-

chute, M17 . . . . . . . . . . . . . . . . . 742
Smalt-arms ammunition

antipersonnel mines and booby
traps . . . . . . . . . . . . . . . . . . 240

antitank mines . . . . . . . . . . . . . . 263
bangalore torpedo . . . . . . . . . . . 270
bullets ..................... 203
caliber and g a g e . . . . . . . . . . . . . . 179
cartridges

cal. .30 . . . . . . . . . . . . . . 191,202
cat. .45 . . . . . . . . . . . . . . 205,216
cal. .50 . . . . . . . . . . . . . . 209,216

classification ................ 179
defects found

after firing . . . . . . . . . . . . . . . . 230
visual examination . . . . . . . . . 226

definition of ................ 7
description

accessories ............... 185
bullet . . . . . . . . . . . . . . . . . . . . 185
cartridge case ...........'.. 181
complete round . . . . . . . . . . . . 181
general . . . . . . . . . . . . . . . . . . 179
primer . . . . . . . . . . . . . . . . . . . 181

destruction . . . . . . . . . . . . . . . . . 775
grades of . . . . . . . . . . . . . . . . . . 188
grading considerations, examples

of . . . . . . . . . . . . . . . . . . . . . 190
hand grenades . . . . . . . . . . . . . . . 234
handling . . . . . . . . . . . . . . . . . . . 231
linked, clipped, and belted am-

munition . . . . . . . . . . . . . . * . 190
manufacture . . . . . . . . . . . . . . . : 181
marking . . . . . . . . . . . . . . . . . . . 222
miscellaneous ammunition . . . . . 218
packing . . . . . . . . . . . . . . . . . . . . 221
pallet method for packing boxes 838
priority and substitution...... 189
priority of issue, use, and sale. 191
propellent charge explosive

trains .................. 118
propelling charge . . . . . . . . . . . . . JM
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S—Cont'd
Small-arms ammunition (Cont'd)

r e r a d i n g . . . . . . . . . . . . . . . . • • • « ' '
rifle grenades and rockets...... 253
storage and shipment.. . . . . . . . 233
surveillance . . . . . . • . • • • * • 225
tests 225

Smoke, magazine storage........ 818
Smokeless powder

causes of deterioration.....
description

91
79

destruction . . . . . . . . . . . . . ; • • • 774
explosion hazards . . . . . . . . . . . . '5
fire, . . . . . . . . . . . . . . . . . . . . . . . 9*
manufacture

drying and blending........ 87
formation of the colloid..... 83
graining and cutting........ 84
nitration of purified cellulose 82
purification of nitrated cellu-

lose . . . . . . . . . . . . . . . . . . . «2
purification of raw cotton.... 81
solvent recovery . . . . . . . . . . . 84

materials added in blending.... 88
safety precautions . . . . . . . . . . . 95
storage in magazine area. . . . . . . 790
storage, marking, and packing. 92
surveillance and maintenance.. 93
use as propelling charge.... 19,184

Specific gravity
loading (explosive D ) . . . . . . . . 154
loading (TNT) ............. 146

Specifications (Ordnance draw-
ings) . . . . . . . . . . . . . . . . . . . . . . 35

Squares, use and care o f . . . . . . . . 41
Stemutators

adamsite . . . . . . . . . . . . . . . . . . . 172
diphenylchlorarsine . . . . . . . . . . 173

Storage and shipment
ammunition for

75-mm guns . . . . . . . . . . . . . . . 425
155-mm guns . . . . . . . . . . . . . 514
75-mm howitzers . . . . . . . . . . 436
240-mm howitzers . . . . . 528,529

ammonium picrate . . . . . . . . . . . 102
black powder . . . . . . . . . . . . . . . . . 77
bombs for a i rcraf t . . . . . . . . . . . 552
chart . . . . . . . . . . . . . . . . . . . . . . 872
chemical ammunition . . . . . . . . 812

compound propellents . . . . . . . . 96
H.E. shell M 6 5 . . . . . . . . . . . . . . 490
lead azide .................. 1"
magazine area .......... 783,812
mercury fulminate . . . . . . . . . . . 112
nitrostarch explosives . . . . . . . . 108
picric add . . . . . . . . . . . . . . . . . 105
pyrotechnics . . . . . . . . . . . . . . . . 747
small-arms ammunition . . . . . . . 233
smokeless powder . . . . . . . . . . . . 92
stability of high explosives.... 97
tetryl . . . . . . . . . . . . . . . . . . . . . . 109

Subcaliber ammunition, descrip-
tion and u s e . . . . . . . . . . . . . . . . . 181

Sulfur trioxide in chlorsulfonic
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